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ADDRESS. 


The  Uhtveesitt  op  MimrEBOxi., ) 

MnnTKAPOLis,  Mutn'.,         [ 

December  31, 1877.     ) 

To  the  President  of  the  Uttieersil!/  : 

DsAB  Sib — I  have  the  honor  to  offer,  and  to  transmit  through 
you  to  the  Board  of  Regents  of  the  State  University,  the  Annual 
Report  required  by  law  on  the  progress  of  Geological  and  Natural 
History  Survey  of  the  State,  being  the  sixth  since  the  beginning 
of  the  survey. 

Very  respectfully,  your  obedient  servant, 

N.  a  WINCHELL. 
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REPORT. 


I. 

SUMMARY    STATEMENT. 


I 

I  The  B^^nts  having  aathorized  a  joint  examination  with  the 

I  State  Board  of  Health  of  the  water  supply  for  domestic  uses  in  the 

'  Red  River  valley,  the  first  work  undertaken  in  the  season  of  1877 

was  an  attempt  to  ascertain  the  canse  or  causes  of  the  unwholesome 
water  often  fomid  in  common  wella  throughout  the  valley  of  that 
river.    Ahoat  four  weeks  were  spent  in  that  part  of  the  State,  the 
I  otterrations  extending  from  Breckenridge,  the  present  terminus  of 

the  St.  Paol  &  Pacific  Railroad,  to  Winnipeg  in  Manitoba.  The 
details  and  the  results  of  this  examination  will  be  found  in  the  fol- 
lowing pages.  It  is  sufficient  here  to  say  that  the  chief  cause  of  the 
"stagnant,"  or  foul  water  so  common  in  wells  of  that  part  of  the 
state  waa  found  to  be  the  almost  universal  practice  of  curbing  wells 
with  pine  wood ;  and  that  there  is  nothing  in  the  water  itself  which 
is  unwholesome  or  injurious.  It  is  true  that  wells  from  the  drift- 
clay  are  apt  to  be  more  or  less  alkaline,  unless  from  extensive 
gravel  or  sand  beds  within  the  clay,  but  there  is  no  reason,  except 
artificial  or  mmatural  causes,  why  the  water  of  that  part  of  the 
State  should  become  foul  or  "stagnant"  in  common  wells,  any  soon- 
er or  more  frequently  than  in  any  other  equally  clayey  portion  of 
the  northwest.  It  was  found,  indeed,  later  in  the  season,  that  this 
difficulty  is  by  no  means  confined  to  the  valley  of  the  Red  River  of 
the  North.  It  is  encountered  with  equal  frequency  throughout  the 
entire  western  half  of  the  State,  frvm  the  Iowa  line  northward  to 
Manitoba,  and  mnst  be  referred  to  some  canse  that  is  not  local  in  its 
application.    In  the  absence  of  stone  for  walling  their  wells,  the 
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early  settlers  of  the  prairies,  who  have  been  generally  men  of  little 
pecuniary  means,  have  resorted  to  the  use  of  pine  plank  For  curbing 
tbem,  on  account  of  its  availability  and  cheapness,  and  to  this  prac- 
tice may  be  attributed  by  far  the  greater  portion  of  the  diEBculty, 
resulting  in  many  cases  of  sickness  (usually  typhoid  fever)  and 
many  deaths.  This  fact  cannot  be  too  widely  published,  nor  its 
pernicious  effects  on  the  general  health  and  prosperity  of  the  newly 
settled  counties  too  strongly  impressed  on  the  people. 

Beconnoissances  into  different  parts  of  the  state  have  been 
made  during  the  season,  having  different  objects  in  view,  viz.:  one 
into  Wright  county  for  the  examination  of  localities  of  reputed 
"coal"  outcrop ;  one  into  Rice  county  preparatory  to  the  survey  of 
the  county  by  Prof.  L.  B.  Sperry;  one  into  Goodhue  county  pre- 
paratory to  the  foil  examination  of  that  county  during  the  coming 
season ;  one  over  the  line  of  the  Northern  Pacific  railroad  supple- 
mentary to  the  water-examinations  of  the  Red  River  valley  earlier 
in  the  season,  and  for  geological  observations,  and  one  into  Morrison 
county  for  the  purpose  of  preliminary  geological  observations.  The 
results  of  these  reconnoissances  are  given  in  the  following  report, 
so  far  as  they  can  be  made  useful  at  the  present  stage  of  the  survey. 

In  the  survey  of  Hennepin  county  it  was  found  necessary  to  em- 
brace some  parts  of  Ramsey,  and  during  the  past  season  the  survey 
of  that  county  was  completed,  and  is  herewith  reported,  with  the 
usual  maps  and  diagrams. 

Rock  and  Pipestone  counties,  the  most  southwesterly  in  tlje 
State,  have  also  been  examined,  and  are  reported  in  the  same 
manner. 

Rice  county  has  also  been  surveyed  in  detail  by  Prof.  L,  B.  Sper- 
ry of  Isorthfield  College,  and  his  report  on  the  same  is  herewith 
transmitted. 

Further  .examination  of  the  fossils  of  the  Trenton  was  carried  on 
during  the  intervals  of  interruption  of  the  field-work,  and  some 
further  notes  on  the  same  are  given  in  the  following  pages.  It 
cannot  be  expected,  however,  that  while  the  field-work  is  steadily 
carried  on  the  detailed  laboratory  work  of  palaeontology  and  litho- 
logy  will  progress  with  equal  pace  without  the  employment  of  ex- 
tra assistance.  Still  such  progress  as  is  possible  will  be  reported 
from  time  to  time. 

mi —    inying  this,  a  detailed   report  on  the  General 

tar  1877,  showing  the  addition  of  minerals,  and 
L  rocks,  as  well  as  the  naming  of  fossils  in  the 
3.  There  is  work  enough  now  on  hand,  in  the 
the  steady  work  of  a  man  a  whole  year,  with 
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nothing  else  to  do,  ■  It  cannot  be  impressed  to  strongly  on  the  Re- 
gents thftt  there  is  a  necesaity  of  employing  more  assistance,  or  of 
the  curtailment  of  some  of  the  labor  now  davolving  on  a  single 
man.  It  is  certainly  very  necessuy  that  the  Mnsenm  be  placed  in 
its  best  condition.  This  implies  the  working  up  of  many  boxes  of 
material,  both  in  mineralogy  and  lithology,  and  in  palaeontolc^y. 
This  is  nearly  all  within  the  purview  of  the  geological  survey  of  the 
State,  the  material  being  almost  all  the  product  of  the  field  exami- 
nations, tai.d  would  redound  to  its  substantial  progress  perhaps  to  a 
greater  extent  than  the  continued  and  constant  prosecution  of  the 
field-work. 

The  report  of  Prof.  Peckham  on  the  chemical  analyses  of  various 
finbetances  submitted  in  the  progress  of  the  field-work  is  also  in- 
eluded  in  the  following  pages;  also,  that  of  Dr.  P.  L.  Hatch  on  the 
iuTestigations  he  has  prooecated  during  the  year  on  the  ornithology 
of  the  State. 

The  year  has  been  signalized  by  the  disappearance  from  the  State, 
and  from  the  entire  Kortbwest,  of  the  Kooky  Mountain  Locust. 
The  interesting  and  important  report  of  Mr.  Whitman  on  the 
phenomena  and  cauaes  of  such  disappearance,  and  on  other  insects 
injoriouB  to  form  products  still  existing  within  the  borders  of  Min- 
nesota, is  also  transmitted  herewith. 

In  Botany,  while  there  has  been  a  steady  increase  of  specimens, 
gathered  by  Mr.  Herrick,  or  presented  by  other  collectors,  there 
has  been  no  attempt  at  classification  or  thorough  examination.  The 
progress  of  the  work  in  this  field  will  be  mainly  in  the  gathering 
of  material,  for  several  years;  but  finally  the  aid  of  expert  botanists 
will  have  to  be  obtained  in  the  preparation  of  a  final  report. 

The  officers  of  the  Northern  Pacific  and  of  the  St.  Paul  &  Duluth 
Railroads  very  courteously  furnished  the  State  Geologist  with 
passes  over  their  roads  while  engaged  in  the  northern  part  of  the 
State,  and  those  of  the  St.  Paul  &  Pacific  and  of  the  Red  River 
Transportation  Company  extended  the  same  favors  during  the  pro- 
gress of  the  survey  of  the  Red  River  water  supply. 

A  considerable  portion  of  the  season  has  been  spent  in  the  north- 
em  half  of  the  State.  What  has  been  done  there  has  been  of  the 
nature  of  hasty  reconnoisuices.  Nothing  else  is  possible.  The 
means  now  available  for  the  survey  will  not  warrant  the  conmience- 
ment  of  detailed  surveys  in  a  region  mainly  without  roads  and  but 
sparsely  inhabited,  however  great  the  need  of  geological  examina- 
tion. It  is  mainly  for  this  reason  that  the  survey  has  been  carried 
on  during  the  past  six  years  in  the  southern  portion,  where,  at 
much  less  expense,  the  utility  of  the  survey  could  be  demonstrated 
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and  its  progress  be  more  evident;  as  it  is  well  known  that  geological 
surveys  have,  in  Tarious  states,  come  to  unfortunate  interruption, 
and  sometimes  final  termination,  for  causes  immediately  political  or 
economical.  The  time  has  come,  however,  when  it  will  not  be  pru- 
dent nor  just  to  further  ignore  the  northern  half  of  the  State. 
An  ouusual  impetus  in  immigration,  and  in  prospective  mining, 
has  stirred  the  people  in  that  part  of  the  State,  during  the  past 
year,  to  make  serious  demands  for  the  services  of  the  Geological 
Survey  in  exploring  and  developing  their  material  reaourcea.  The 
enterprise  of  the  goremment  of  the  Dominion  of  Canada  on  our 
northern  irontier,  in  the  building  of  railroads  and  canals,  will  not 
fail  to  react  powerfully  on  the  State  of  Minnesota  north  of  Lake 
Superior.  The  Canadian  geologists  have  already  visited  and  re- 
ported a  number  of  times  on  the  contiguous  portions  of  the  British 
Foeseaaious.  It  seems  to  be  very  necessary  to  subject  that  part  of 
the  State  to  a  thorough  geological  survey;  but  it  will  require  ex- 
pensive outfits  for  two  or  three  exploring  parties,  and  it  would  be 
several  years  before  the  survey  could  progress  sufficiently  to  warrant 
a  final  report.  Meantime,  during  the  prepress  of  the  work  in  the 
northern  part  of  the  State,  investigations  should  not  be  suspended 
in  the  southern  portion.  In  order  to  carry  on  the  survey  now  aa 
it  seems  to  be  necessary,  an  additional  sum  of  six  or  eight  thousand 
dollars  per  annum,  for  about  four  years,  should  be  available.  It 
would  then  be  possible,  probably,  to  issue  a  couple  of  volumes  of  a 
final  report,  one  on  the  southern  palaeozoic  formations,  and  one  on 
the  metamorphic  and  azoic  rocks  of  the  northern  portion  of  the 
State. 
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THE  WATER  SUPPLY  OF  THE  RED  RIVER 
VALLEY. 


The  3tftte  law  b;  which  the  siurey  is  being  carried  on  requires  a 
complete  account  of  the  mineral  and  other  waters  of  the  State,  includ- 
ing accurate  chemical  analyses.  It  was  at  the  instance  of  the  Secre- 
tary of  the  State  Board  of  Health  that  the  immediate  examination  of 
this  region  was  undertaken;  the  sanitary  questions  involved  being 
regarded  of  great  importance.  With  a  view  to  the  coHjperation  of 
the  Regents  and  the  State  Bof>rd  of  Health  in  this  examination,  a 
joint  party  was  organized,  con  ;  iting  of  the  State  Geologist,  with 
Prof.  S.  F.  Peckham  on  the  part  of  the  Regents,  and  Dr.  C.  N. 
Hewitt,  Secretary  of  the  Board  of  Health.  The  plan  of  procedure 
consisted  in  a  descent  of  the  valley  from  Brockenridge,  on  the  St. 
Paul  &  Pacific  Railroad,  to  Winnipeg,  in  Manitoba,  stopping  at 
the  principally  settled  points  for  information  concerning  the  objects 
of  the  survey,  examining  aJl  acccBsihle  wells  and  procuring  samples 
of  water,  and  carefully  noting  the  nature  of  the  river  blufis.  Sub- 
sequently, and  during  the  further  prosecution  of  the  field-work 
over  the  western  portion  of  the  State  during  the  season,  more  ex- 
tended observations  on  the  same  subject  were  made  by  the  State 
Geologist  outside  of  the  Red  River  valley,  and  the  valley  iteelf  was 
again  visited  for  further  &cts  of  comparison  and  verification.  The 
conclusions  arrived  at  in  this  report  are  based  on  all  the  facts  ob- 
served; and  aa  they  vary  somewhat  from  opinions  advanced  by 
other  memben  of  the  party,  it  is  but  just  to  relieve  them  frvm  all 
responsibihty  for  them.  Soon  after  the  return  of  the  party  a  sum- 
mary of  these  conclusions  was  prepared  at  the  instance  of  Gov.  J. 
S.  Pillsbury,  and  it  was  published  in  the  Pioneer  Press  for  Septem- 
ber 18, 1877. 
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It  is  also  necessary  to  state  that  the  samples  of  water  selected  for 
analysis  were  not  such  aa  would  test  the  coireetness  of  these  con- 
clusions, nor  that  of  any  theory  that  has  yet  been  advanced  for  the 
cause  of  the  foul  waters  of  the  Red  River  valley.  In  order  to  de- 
termine something  by  cheibic^  analyses  of  the  waters,  the  writer 
selected  and  urged  the  full  analysis  of  four  samples  only,  with 
qualitative  testa  for  other  samples  to  show  their  relations  to  either 
of  these,  viz.: 

1.  Some  simplj  alkaline  water  iiom  a.  deep  wall. 

2.  Alkaline  water  irom  some  deep  well  contaminated  b;  organic  decaj. 

3.  Water  troia  some  shallow  well  uncontamiuated  bj  oi^ranic  decay. 

4.  Water  fcom  a  shallow  well  foul  from  organic  dec^. 

The  analysis  of  water  from  the  following  wells,  conforming  to  the 
conditions  required  by  the  above  varieties  of  water,  was  recom- 
mended for  the  purpose  of  arriving  at  some  satisfactory  result. 
It  is  to  be  hoped  that  the  survey  may  be  able  at  some  future 
time  to  institute  further  examination,  and  chemical  analysis, 
should  the  explanation  here  given  not  prove  sufEcient. 

1.  Wftter  from  the  Brewery  at  MooAead. . 

2.  Town  well  at  Breckaniidge. 

3.  McHench'a  ciitem  well  at  Fargo. 

4.  Well  at  Mr.  Sloygy's  honse  {not  the  Bramble  House.) 

The  Facts  Known  Before  the  Survey. 

The  flat  prairie  country  generally,  throughout  the  western  por- 
tion of  the  State,  has  been  much  tronbled  by  bad  well  water.  This 
has  been  reported  to  the  survey  from  Lyon,  Renville,  Redwood  and 
Murray  counties,  in  the  southwestern  portion  of  the  State,  and  had 
by  the  parties  tronbled  by  bad  water  been  attributed  to  a  so-called 
" peculiar  clay,"  a  " blue  clay,"  a  "black  clay,"  or  to  some  other 
deposit  in  the  drift  which  had  been  met  with  in  the  wella.  Simi- 
lar reports  had  come  from  the  country  further  north,  and  latterly 
from  the  R«d  River  valley  specially.  The  settlement  of  the  Red 
River  valley  has  been  rapidly  going  on  during  the  past  two  yeus, 
and  these  difficultly  were  more  numerously  and  urgently  presented 
from  that  quarter  of  the  State.  As  these  waters  had  a  very  delete- 
rious effect  on  the  health  of  the  people,  and  threatened  to  retard 
the  development  of  that  portion  of  the  State,  the  State  Board  of 
Health  very  wisely  initiated  the  systematic  examination  of  the 
whole  question'which  is  now  being  made,  bat  directed  itself  specifi- 
cally to  the  valley  of  the  Red  River  of  the  North.    The  waters 
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~^Xrom  the  wells  dug,  whether  deep  or  shallow,  have  been  fomui  to 
^V>ecome  foul,  or  "stagnant,"  sooner  or  later,  and  if  their  use  has 
continued  much  beyond  the  discovery  of  this  condition  they  have 
produced  diarrhcea  of  a  persistent  nature,  and  finally  typhoid  fever. 
__  Some  cases  have  terminated  fatally.  These  fects  were  of  occurrence 
on  the  line  of  the  St.  Paul  &  Pacific  Railroad,  at  nearly  all  the 
stations  west  of  the  line  of  the  Big  Wood?,  even  outside  the  valley 
of  the  Red  River;  on  the  Northern  Pacific  Railroad  west  of  Detroit; 
along  the  same  railroad  in  Dakota,. and  down  the  valley  to  Winni- 
peg. These  effects  were  known  ako  south  of  the  Minnesota  river, 
hut  they  have  not  been  attributed  bo  directly,  so  far  as  the  writer  is 
aware,  to  the  water  used  for  domestic  purposes.  Yet  typhoid  ferer 
and  intestinal  diseases  have  had,  during  the  past  ten  or  fifteen 
years,  an  area  of  greatest  prevalence  in  western  Minnesota  and 
Iowa,  according  to  the  ninth  United  States  census.  The  ascertained 
relation  of  cause  and  effect  between  bad  well  water  and  these  dis- 
eases in  one  section  of  the  State,  together  with  the  known  existence 
of  the  same  effect  in  another  section  under  like  conditions  of  soil, 
climate  and  surroundings,  reasonably  leads  to  the  inquiry  whether 
the  same  cause  has  not  prevailed  there  also,  though  it  may  not  hSve 
been  so  distinctly  recognized.  Another  fact  that  had  been  stated 
and  well  anthenticated  before  the  beginning  of  the  survey,  was  the 
good  quality  of  the  water  when  the  wells  were  first  dug.  It  has 
also  been  stated  that  during  the  construction  of  the  railroads  that 
cross  that  portion  of  the  State,  a  number  of  shallow  wells  were 
dug  in  the  surface  of  the  prairie,  without  reaching  much  water, 
and  that  they  often  became  foul  in  a  few  days,  though  wholly  un- 
cnrbed. 

Ute  Wells  that  were  Visited  and  Examined. 

The  following  facts  were  gathered  by  the  writer: 

Morris. — At  Morris,  in  Stevens  county,  which  is  on  the  Pomme  de 
Terre  river,  a  tributary  of  the  Minnesota,  and  not  within  the  valley 
of  Red  River,  the  welb  ore  usually  bad,  and  the  people  genet-ally  use 
the  water  of  the  Pomme  de  Terre.  Wells  have  to  be  dug  rather 
deep,  and  through  a  blue  hard-pan.  The  railroad  company  are  now 
boring  a  well  having  a  diameter  of  sixteen  inches.  They  turn  a 
sort  of  auger  by  a  single  horse-power,  and  take  out  the  clay  as  an 
auger  takes  out  wood,  but  it  has  to  be  lifted  out  frequently.  The 
material  thrown  out,  now  «t  the  depth  of  56  feet,  is  a  blue  clay 
with  few  stones,  but  some  small  gravel.  No  water  has  been  met 
with  yet. 
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Aeeoiding  to  Mr.  LeoDitrd  B.  Hodges  a  well  of  good  water  was 
obtained  at  MorriB  later  in  the  season  of  1877.  It  is  owned  by 
Judge  L.  E.  Pierce.  It  is  surrounded  by  foul  wella,  several  of 
about  the  same  depth,  and  others  of  not  half  that  depth.  It  is  in 
every  respect  like  many  other  wells  at  Morris,  except  in  not  having 
wood  curbing.  It  was  "driven,"  i.  e.,  after  digging  some  depth  an 
iron  pipe  with  protected  sieving  was  driven  into  the  clay  till  water 
was  found  which  rose  in  the  pipe.  This  well  was  good  and  has 
remained  so. 

Si.  GabrUlU\  Spnngs.  NEi  Sec.  17,  T.  130,  45.— Throe 
miles  from  Campbell  station,  a  little  south  of  east.  Here  are 
St.  Giabrielle  Springs,  eaid  to  famish  "good  water;"  but  although 
there  is  a  scummy  deposit  of  iron  running  from  them  the  water 
tastes  alkaline,  and  is  veiy  much  like  the  water  of  the  deep  well  at 
the  station.  There  is  a  boggy  area  of  about  two  and  a  half  acres, 
lying  a  few  feet  above  the  water  of  the  stream  (Rabbit  river)  from 
which  the  water  of  the  springs  runs  into  the  creek.  This  area  is  in 
a  bend  of  the  stream,  and  lies  about  six  feet  below  the  general  level 
o^the  prairie.  The  stream  is  about  twelve  feet  below  the  prairie, 
and  empties  in  Boia  des  Sioux  river.  It  is  a  small  stream  and  has 
clear  wat«r,  but  an  imperceptible  current.  In  some  of  the  springs 
which  are  scattered  over  the  boggy  area  mentioned,  there  is  a  light- 
colored  sand  seen  boiling  up  with  the  water,  and  in  the  sand  are 
aUo  some  weathe^  small  shells.  The  bog  itself  is  peaty,  and  shows 
some  small  fresh-water  shells.  The  banks  of  the  stream  show 
nothing  but  the  usuaj  gray  drift-clay,  containing  boulders  of  gran- 
ite and  many  pieces  of  limestone.  The  water  of  the  creek  tastes 
swampy  and  flat.  The  atones  and  the  gravel  of  the  drift,  along  the 
low  blufls  of  the  creek,  axe  mainly  of  limerock^-perhaps  three- 
fourths  of  them,  the  rest  being  granite,  &c. 

Over  the  surfece  of  the  prairie  about,  which  is  nearly  flat,  are  oc- 
casional fragments  of  limestone,  which  are  usually  somewhat  im- 
bedded in  the  surface,  showing  the  glacier  origin  of  even  the  latest 
part  of  this  flat.  There  is  no  loam  here,  nor  stratified  fine  clay. 
There  is  only  a  gravelly  or  stony  clay  that  is  blackened  at  the  sur^ 
face.  On  making  a  few  qualitative  tests  on  the  spot  on  the  water 
of  this  spring,  for  comparison  with  that  of  the  water  at  Campbell 
Station  coming  ft«m  the  deep  well  there  (next  mentioned),  it  was 
found  to  agree,  even  by  actual  comparison  in  hand,  almost  exactly 
with  the  water  of  that  well.  They  both  possess  abundant  sulph- 
ates, carbonates  strong,  and  plenty  of  chlorides.  The  only  percep- 
tible diflerence  in  mineral  constitnents  was  a  little  greater  quantity 
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of  iron  in  the  irall  water.    On  making  quantitative  examinations 
I^f.  Peckham  leports  these  traters  to  contain  impurities  as  follows : 
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A»  the  water  at  the  station  is  foal  and  nn£t  for  nse,  while  that 
from  these  springs  is  pronounced  good,  and  even  has  a  reputed  ex- 
cellence, both  waters  coming  through  the  same  natural  drift  deposit, 
subject  to  the  same  natural  causes  so  far  as  their  source  is  concern- 
ed, while  the  spring  water  itself  is  free  from  noxious  odors,  it  is 
evident  the  difference  of  the  waters  cannot  be  indicated  by  chemical 
analyme  of  the  mineral  constituenta.  It  is  also  evident  that  the 
difference,  whatever  its  nature  or  origin,  must  be  superinduced  by 
aome  artificial,  and  not  natural,  caose ;  in  other  words,  that 
there  is  something  inherent  in  the  well,  or  its  artificial  surround- 
ings, that  superinduces  the  noxious  odors.  The  trouble,  further, 
cannot  lie  im  the  clay  of  the  drift,  since  the  spring  water  is  con- 
stantly in  contact  with  the  clay,  and  the  well  water  is  brought  up 
ttirough  an  iron  pipe  which  is  said  to  run  to  the  bottom. 

Campbell  Station. — The  well  at  Campbell  Station  was  sunk  sev- 
eral yean  ago  by  G.  K  Whelpley,  of  Minneapolis.  The  tollowing 
section  of  this  well  was  furnished  by  him  July  19, 1875  : 

1.  Hard  Telknr  day  with  itniiis  Utter  water 18  feet 

2.  Blue  day 65ftet 

3.  Boolden,  oc  rock  of  Mnne  sort 4  EmL 

4.  Bine  day 8»feet. 

5.  Blned^,  boulder,  gravel  and  flint 11  fbet. 

6.  Sand,  gravel  and  di^,  with  Knne  ooal 21  feet. 

7.  Sand,  gnvel,  blae  diqr,  glate,  aome  coal 4  feet. 

8.  HardWne  day 15  ieet. 

9.  Clean  «uid  with  water,  mixed  with  coal  (10  per  cent.) 8  feet. 

[Nora— This  coal  on  ernmination  wbb  found  to  be  drift  piecet 

of  Cietamoiu  lignite— N.  H.  W.] 

10.  Stony  bine  cl^r,  but  tofter  below,  wiUi  more  water  at  the 

bottom 87  feet. 


Total  depth 360  feet. 
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The  lower  portion  of  the  pipe  becoming  filled  with  mud  it  wm 
found  necessary  to  pnncture  the  pipe  at  higher  levels  and  admit  wa- 
ter above  the  clay  filling.  This  was  done  at  176  feet.  The  water 
rose  within  four  feet  of  the  surface. 

At  the  depth  of  173  feet  found  wood  which  was  covered  with  a 
yellow  substance  like  gold  (probable  pyrile — N.  H.  W.)  and  was 
heavier  than  water.  Water  was  obtlined  at  125  feet,  and  a^ain  at 
150  feet,  also  at  165  feet. 

The  water  pumped  out  of  this  well  in  June,  1877,  was  torbid 
with  pediment  and  visible  fi.oating  particles,  and  had  foul  odors.  It 
could  not  obtain  these  foul  odors  ft^m  the  bottom  of  the  well,  nor 
furnish  these  floating  particles  from  that  depth,  since  they  were 
evidently  both  of  organic  nature.  The  upper  ten  or  fifteen  feet  of 
this  well  were  dug  larger  than  the  rest  and  curbed  up  with  pine 
boards  after  the  manner  of  most  wells  on  the  prairie.*  This  was 
partially  filled  with  water  ^id  served  as  a  reservoir.  This  water 
must  certainly  find  access  within  the  iron  pipe,  either  through  inten- 
tional rupturing  of  the  pipe,  or  loose  fitting  of  the  pipe  upon  the 
lower  joint  of  the  pump.  It  otherwise  passes  along  the  outside  of 
the  pipe,  between  the  pipe  and  the  surrounding  clay,  to  the  bottom 
of  the  well,  and  is  drawn  into  the  pipe  at  the  bottom.  This  last 
supposition  is  hardly  possible,  as  the  closeness  of  the  clay  about  the 
pipe  is  probably  as  perfect  as  about  any  stone  or  boulder,  and  must 
be  as  impervious.  Further  the  surface  water  would  not  thus  nat- 
ur^ly  flow  downward,  being  warmer  and  lighter,  as  well  aa  being 
under  less  hydrostatic  pressure,  as  long  as  there  remained  a  supply 
for  the  pump  within  the  pipe. 

About  a  mile  northwest  of  Herman  the  railroad  passes  down  a 
terrace  to  a  lower  fiat,  the  change  of  level  being  about  fifteen  feet. 
Hence  the  well  at  Campbell  Station,  wholly  dug  in  the  glacier 
drift,  without  any  overlying  stratified  clays,  cannot  be  afiected  by 
any  lacustrine  clay  that  seems  to  have  been  deposited  over  large 
areas  in  other  parts  of  the  Red  River  valley.  The  glacier  drift  it- 
self, over  wide  tracts  in  this  valley,  lies  at  the  very  surface. 

At  Breckinridge. — At  this  place,  which  is  near  the  junnc- 
tion  of  the  Otter  Tail  and  Bois  des  Sioux  rivers,  the  grade 
of  the  railroad  is  jUst  twenty  feet  lower  than  at  Campbell 
Station,  and  a  hundred  and  six  ieet  lower  than  at  Herman 
Station.      The   distance  from  Breckenridge   to    Campbell   Sta- 

•On  Inquiry  of  Hr.  Whelpley  coDcemlDg  this  well  he  arBrms  that  no  wooden  curbing 
was  used  Id  the  Shallow  preliminary  digging,  the  only  design  being  to  get  room  to  enl«r 
hla  pipes,  and  that  the  dug  part  was  almoit  entirely  refilled,  leaving  but  a  shadow 
boaln  round  the  pipe  at  the  surtace. 
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tJii^^-^    ia    fifteen    milea,    and    from    Breckenridge    to   Herman  is   . 
p.^^^'^vi^y-nine  milea ;    the  country  in  all  directions  being  a  smooth 
L^^Jairie   for   many    miles,    with    no   visible   changes   except    at 
^^^-^le  terrace  mentioned,  near  Herman.    Yet  at  Breckenridge,  along 
~Uie  river  banks,  are  broken  areas  of  true  lacustrine  clay.    This  runs 
back  from  the  river  and  covera  a  small  indefinite  area.    It  seems  to 
have  been  deposited  on  a  slightly  imeven  upper  suface  of  glacier 
clay,  or  unmodified  drift,  so  that  it  here  only  occupies  the  depres- 
sions in  the  glacier  clay. 

The  town  has  five  wells,  hut  only  one  is  used.  It  is  the  hotel 
well,  owned  by  Mr.  Sanders,  who  described  it  as  follows.  It  is 
curbed  with  boards. 

Sanders'  Well  ai  Breckenridge. 

1.  Hncky,  black  soil,  no  atoaen 2^  feet. 

2.  Fine  clay,  without  atonea;  the  same  M  seen  in  the  river 

banks 16feet. 

3.  Oravel — small  pieces  of  limestone,  and  granite  boulders, 

with  some  lajera  of  clean  sand 10-12  feet. 

4.  Under  the  laat,  which  fimiahed  w&ter,  was  an  unknown 

ttucknesa  of  a  black  or  blue-black  day,  that  had  a  dif- 
ferent odor.  This  oontained  stones  and  boulders,  one 
of  which  stopped  the  further  sinking  of  the  well, 
which,  however,  did  not  penetrate  it  to  any  conaideta- 
ble  dc^th. 

The  water  of  this  well,  analyzed  by  Prof.  Peckham,  shows  the 
following  composition,  as  reported  by  the  Secretary  of  the  State 
Board  of  Health: 

Groins  per  Qallon. 

Total  solid  matter  in  solution 86.024 

Total  Otnanic  matter  in  solntion 12.286 

Total  mineral  matter  in  solution. 73.750 

Total  hardness 19.843  CaCO» 

Pennan^t  hardness 8.7S6 

Removable  hardness 11.387 

Sulphuric  add  in  solution 1.868 

Chlorine 17.395 

These  results  show  a  general  resemblance  to  those  of  the  well  at 
Campbell  Station,  and  the  water  of  St.  Gabrielle  Springs,  contain- 
ing nearly  the  same  per  cent,  of  the  various  mineral  peculiarities. 

The  town  well  was  mainly  a  bored  well,  but  is  curbed  with  pine 
boards.  The  water  here  varies.  Sometimes  it  has  been  pretty 
good,  especially  at  the  first,  but  at  the  time  of  this  examination  it 
was  strongly  charged  with  sulphuretted  hydrogen.    It  is  in  the 
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street,  &nd  near  no  sewsis.    The  ground  was  raised  about  the  month 
of  the  well  to  prevent  tn-drainage  from  the  anrface. 

Toum  WeU  at  Breckenridge. 

\.  Soil  and  day 4  feet. 

2.  "  Black  d^,"  Ac.,  witli  giarel  atones,  no  water 30  feet 

3.  Oraml  and  sand,  with  water  in  abundance,  that  roee  16  feet 

in  a  few  miaDtea lliickneaa  unknown. 

Oo  uudysia  this  was  found  to  be  a  very  hxgA  mineral  water,  con- 
taining large  percentages  of  sulphates  of  lime  uid  magnesia,  but 
"  on  evaporation  had  the  appearance  and  odor  of  orine  reaidae." 
This  water  may  be  taken  as  a  type  of  the  waters  derivable  from 
deep  wells  that  penetrate  the  glocer  drift-clay,  when  not  materially 
changed  by  contact  with  organic  acids. 

The  well  ot  Peter  Hanson  was  dug  entirely,  8^  feet  square,  and 
curbed  with  pine  boards.  The  material  thrown  out  is  unmodified 
driflxlay,  of  a  dark-blut  color,  containing  stones  and  bonlders, 
aome  ten  and  fourteen  inches  in  diameta:,  which  show  smoothly 
polished  and  i^so  striated  sorfiacee.  The  clay  itself  is  nearly  black 
when  wet,  and  is  charged  with  little  stones.  This  well  did  not  pass 
through  the  drift  clay,  and  now  affords  only  "  saep  water,"  which, 
after  a  month  or  two,  will  about  half  fill  the  well.  It  then  has  a 
foul  odor  which  is  attributed  to  the  *^  black  stuff,"  as  the  drift-clay 
is  designated. 

Peter  Earwrn's  WeU  at  Breekenridge. 

1.  Clay,  ae in Uw river tianki;  fine  and  homontaUrstzatafied.. 4^-5 feet 

2.  Drift  d^,  daA  ool<ned,  hard  and  itrong,  no  water,  penelza- 

ted 50  feet 

The  well  of  Chas.  B.  Falley,  Ssq.,  is  altogetiber  in  the  lacustrine 
clay.  It  sffbrded  pretty  good  water  at  first,  but  in  a  few  days  it 
became  o^nsive. 

C.  B.  FaiUy's  WeU  at  Breckenridge. 

1.  Black  loam  ami 4or5feet 

2.  Li^t  colored  da;,  with  some  Hmd,  wiUiout  stonee,  cnunb- 

lingintheair 24ftet 

3.  Sand  with  water  (17  feet  of  water) Thicknera  unknown. 

From  Breckenridge  the  river  was  followed  in  a  small  row-boat  to 
McCauleyriUe,  opposite  Fort  Abercrombie,  for  the  purpose  of  cu^ 
fully  examining  the  banks. 
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Section  21,  Town  133,  Range  47,  Wilkin  County. ^Mi. 
Edward  Connelly  lias  here  a  well  twenty-five  feet  deep,  in 
which  the  water  rises  and  f&lls  as  the  river  changes,  indicating  an 
intimate  connection.  The  well  is  near  the  brink  of  the  bank, 
which  rises  about  twenty-two  feet  above  the  river.  The  bank  is 
made  np  of  about  eleven  feet  of  gravelly  and  stony  drift  clay,  with- 
out any  overlying  lacustrine  clay,  underlain  by  a  heavy  bed  of 
gravel  and  sand  exposed  along  the  bank  a  short  distance  above  bis 
house.  Mr.  Connelly  also  described  his  well  aa  penetrating  these 
materials  only.  In  this  gravel  are  pieces  of  Cretaceous  lignite  and 
alate.  The  presence  of  this  gravel  bed,  and  the  rising  and  fulliug 
of  the  water  of  the  well  coincident  with  that  of  the  river,  proves  a 
close  relation  between  the  two,  but  not  a  flow  necessarily  from  the 
river  to  the  well.  There  is  not  much  doubt  that  the  gravel  bed  is 
itself  a  vast  water-reservoir,  which  is  being  filled  by  inflow  from 
higher  levels,  and  is  slowly  drained  toward  the  river  by 
hydrostatic  pressure.  The  analysis  of  this  water  rather  goes  to 
show  this  to  be  the  direction  of  flow,  since  there  is  much  more 
mineral  matter  in  the  well  than  in  the  river  water,  a  change  that 
could  not  be  produced  by  simply  filtering  through  gravel  fbr  a  few 

Descending  the  river  below  Connelly's,  the  light-colored,  lacus- 
trine clay,  mentioned  at  Breckenridge,  is  seen  to  become  more  and 
more  developed,  and  at  last  continuous,  with  a  thickness  of  25  or 
30  feet,  equid  to  the  bight  of  the  entire  banks  above  the  river,  with 
only  occasional  exposures  of  the  h&rd-pan  clay  near  the  river  level. 
The  hardpan  finally  disappears  about  two  and  one-half  miles  above 
McCauleyville,  near  "Aker's  place,"  the  last  exposure  being  near 
the  rope  ferry.  Below  this  place  the  lacustrine  clay  constitutes  the 
«ntire  bluff  of  the  river.  Before  reaching  this  place  the  large 
boulders,  which  appeared  frequently  in  the  river  for  some  miles  be- 
low Breckenridge,  had  entirely  disappeared.  At  the  same  time  tim- 
ber along  the  river  becomes  more  and  more  abundant,  and  also 
larger.  At  first  it  consisted  almost  entirely  of  willows  and  box- 
elders,  but  aa  this  change  comes  on  large  trees  of  white  and  burr- 
oak,  ash,  elm,  bass  and  hackberry  make  their  appearance.  The 
bottom  lands  widen  out,  and  at  the  same  time  become  higher, 
reaching  15  feet  above  the  water,  while  the  lacustrine  clay  bank, 
outside  of  the  bottom  land,  rises  about  15  feet  still  higher.  This 
lacustrine  clay  covers  the  country  generally,  east  and  west,  eape- 
<ciaUy  np  the  tributary  valleys;  and  it  is  plain  to  be  seen  that  it  will 
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constitute  a  different  agricultural  land  firom  the  alkaline  plain 
further  south,  based  on  the  driflHclay. 

There  are  here  then  these  three  formations,  all  pertaining  to  the 
drift: 

1.  Latest  of  all,  the  alluvium  of  the  present  river,  which  is 
mainl;  sandy,  and  supports  the  timber.  It  is  without  stratification 
generally,  and  swallows  burrow  in  it.  Its  thickness  varies  with  the 
hight  of  the  freshet  stage  of  the  river,  becoming  greater  toward  the 
north. 

3.  The  lacustrine  clay,  which  covers  the  higher  flats,  and  con- 
stitutes the  soil  of  the  vall^  over  much  of  this  region.  It  is  of  a 
hght  and  loamy  color,  horizontally  stratified,  and  is  without  stones 
or  gravel.  Thia  is  the  aediinent  of  the  lake  which  was  drained  by 
the  Minnesota  river  southward  during  the  prevalence  of  the  last 
ice-period,  or  on  its  partial  withdrawal. 

3.  The  blue  hardpan  c/ny— The  immediate  product  of  the  great 
glacier,  containing  gravel  stones  and  striated  boulders.  This  fills 
the  whole  valley,  running  under  the  lacustrine  clay  and  rising  so 
as  to  constitute  the  surface  of  the  country  a  few  miles  east  or  west 
.  of  the  river,  becoming  rolling,  and  even  hilly,  in  the  Leaf  Hills  and 
Coteau  de  Prairie,  but  lying  smooth  and  level  in  the  valley.  This 
may  have  been  originally  deposited  nearly  level  and  smooth,  as  it 
now  lies,  owing  to  the  presence  and  agency  of  much  standing 
water,  or  it  may  have  been  somewhat  smoothed  off  at  a  later  date  by 
the  lake  that  covered  it.  This  whole  region,  then,  and  especially  the 
general  aspect  of  the  fiats  at  Breckenridge,  are  a  &c  simile  of  the 
Maumee  river  and  the  "Black  Swamp"  region  of  northweetem 
Ohio,  minus  the  timber  and  plus  the  alkali  of  the  drift  clay.  Its 
origin  was  the  same,  and  probably  also  its  date,  both  pertaining  to 
the  period  of  the  last  glacial  epoch.  The  theory  advanced  some 
years  ago  for  the  manner  of  deposit  of  this  glacial  drift",  here  is 
confirmed  by  being  equally  applicable.  It  was  received  in  these 
valleys,  in  a  lake  of  water  direct  from  the  ice,  and  was  let  down 
gently  without  much  modification,  and  stratification  as  fast  as  the 
ice  sheet  contracted ;  the  horizontally  laminated  clay,  in  both 
places  being  the  result  of  such  lateral  distribution  of  the  clayey  por- 
tions as  the  lake  could  effect,  and  of  such  later  lacustrine  deposit  as 
water  is  apt  to  form,  during  its  continuance  as  a  lake.      Further  to 

■Ft3(:eedli]gs  of  tbe  American  Association  tonheAdTancementot  Science,  ISTS-'I^b 
Svrfate  Otolotni  <^  SorOnnatem  Ohio.  Also  the  Fopular  Science  Uoutlilr  for  June 
and  July,  1BT3— Dk  Drift  DepotUa  of  the  NorlhuitiL 
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the  aortli  it  covered  the  surface  uf  the  glacier,  but  by  degrees  be- 
came embraced  further  still  north,  in  its  general  mass,  and  extend- 
ed even  to  the  bottom  of  the  ic«.     It  became  superficial  ne&r  the 

margin  of  the  glacier  by  the  thawing  and   wastage  of  the  upper 

surface  of  the  ice. 

UleCatiletfville — James  Nolan's  well,  32  feet  deep,  affords  a 
strongly  alkaline  water.  It  is  situated  on  an  irregularly  ascending 
slope  from  the  river  toward  the  general  level,  and  six  feet  below 
the  general  level.     It  was  bored  17  inches  in  diameter. 

Nolan's  Well  at  McCaideyoille. 

1.  Swland  black  loam 2Jifeet. 

2.  Brownish-yellowclaj.wiQi  no  noticeable  3tratificatd<ni,aor 

gravd,  nor  stones 26     feet. 

3.  "Black  Mud,"  qnicksaad 4     fbet. 

4.  Gravel,  shellB,  and  rounded  atones,  like  the  bottom  of  a 

lake,  viUi  wat«r,  went  into  it 1     foot. 

This  well  seems  to  have  got  water  in  a  layer  of  sand  and  gravel 
lying  between  the  lacustrine  clay  and  the  hardpan  clay,  but  on  an- 
alysis it  is  proved  to  be  heavily  charged  witn  alkaline  ingredients. 

Langevin's  Well  at  McCauleyville. 

1.  Loam  and  soil,  and  lig^t  clay 15  feet. 

2.  Blue,  ^nvell J  clay,  with  booldera,  tontainin?  one  layer  of 

Band  and  gravel  of  3  feet  thicknesB,  at  the  depth  of  40 
feet.  No  water  of  any  amount  was  found  in  this  well, 
and  it  was  refilled.  This  blue  clay  had  pieces  of  ooal 
and  Cretaceous  slate,  and  gtanite  boulders.  The  sand 
l^er  gave  offensive  water.  At  about  100  feet  there 
was  a  layer  of  abont  6  feet  of  very  fine  blue  day  which 
makes  a  good  polishing  material 122  feet. 

It  is  possible,  if  not  probable,  that  in  the  foregoing  the  lacustrine 
clay  assumed  a  blue  color  after  passing  15  feet,  and  thus  really 
extends  to  the  layer  of  sand  and  gravel  mentioned  at  the  depth  of 
aboat  40  feet,  and  which  is  said  to  have  given  offensive  water.  The 
absence  of  gravel  and  stones  in  the  upper  part  of  the  "blue  clay" 
was.  not,  in  that  case,  carefully  noticed,  and  the  color  being  the 
same  woold  very  naturally  cause  it  to  be  set  off  with  the  great 
mass  of  stony  blue  clay  lying  below  it.  This  hypothesis  is  all  the 
more  likely,  aa  the  offensive  water  &om  the  sandy  layer  may  then 
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be  due  to  the  vegetation  and  muck  that  would  have  accumulated  in 
the  bottom  of  the  lake  which  immediately  followed  the  deposition 
of  the  stony  blue  clay — a  lake  bottom  which  is  also  indicated  by 
Mr.  Nolan^s  well  at  ubout  the  same  depth  below  the  general  level. 

In  digging  Mr.  David  McCauley's  cellar  a  large  deposit  of  bivalve 
fresh-water  shells  was  encountered.  Other  shells  were  found  in 
digging  the  celliir  of  Mr.  Longevin.  These  cellors  are  far  above 
the  river,  and  yet  not  so  high  as  the  general  level  (f  the  country. 
These  shells  of  course  belong  to  the  period  of  the  lacustrine  clay, 
either  during  or  following  the  last  glacial  epoch. 

There  are  said  to  be  two  terraces  east  of  McCauleyville.  One  is 
four  miles  east,  and  consists  of  gravel,  and  one  is  thirteen  miles 
east  and  consists  of  sand.  There  is  a  depression,  or  longitudinal 
basin,  running  north  and  south,  between  these  terraces,  in  which 
water  stands  some  years  all  summer. 

At  and  below  Fort  Abercrombie  are  large  and  numerous  selenite 
crystals.  They  were  found  by  Mr.  Nolan  about  three  miles  below 
the  fbrt,  in  the  slope  of  the  buik  of  the  river,  and  by  the  soldiers 
near  the  fort  in  digging  a  well.  They"  are  said  to  have  occurred,  in 
the  well,  above  a  heavy  deposit  of  boulders:  hence  seem  to  be  in 
the  drift,  and  not  in  the  Cretaceous, 

Moorhead — In  riding  over  the  prairie  from  McCauleyville  to  Moor- 
head,  a  distance  of  about  3U  miles,  sometimes  several  miles  east  of 
the  river,  only  seventeen  granite  boulders  were  seen  on  the  surface. 
These  were  from  six  to  twelve  inches  in  diameter,  and  were  entirely 
solitary,  being  generally  half  buried  in  the  soil.  There  was  seen 
no  gravelly  clay,  nor  small  stones  in  clusters,  nor  any  alkaline 
coating,  all  indicative  of  the  drift  clay,  throughout  ^e  whole  ride, 
but  only  a  fine  clay  loam. 

The  well  of  C.  P.  Sloggy,  at  the  Bramble  House,  is  22  feet  deep, 
and  wholly  in  the  lacustrine  clay,  having  struck  at  that  depth  a 
quicksand  three  or  four  feet  thick,  giving  water.  This  well  was 
recently  dug  (in  May)  and  the  water  is  tolerable,  though  evidently 
alkaline,  and  having  a  taste  of  the  pine  curbing.  It  is,  however, 
less  alkaline  than  water  from  the  hardpan  clay.  It  is  said  that 
there  is  a  layer  of  sand  all  over  thb  couiitry,  including  Moorhead 
and  Fargo,  at  about  22  feet,  in  which  the  same  water  can  be  got. 

The  well  dug  by  Sharp  and  Douglas,  situated  in  the  public  park, 
is  across  the  street  south  from  the  laSt,  and  has  the  same  depth.  It 
now  tastes  (June  23, 1877,)  as  if  kerosene  had  been  poured  into  it.  It 
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was  dug  about  a  year  ago.  The  keroaense  taste  is  owing  to  thg 
decay  and  discharge  of  the  pitch  of  the  pine  curbing,  and  will 
probably  pass  off. 

Mr.  Sloggy  has  another  well  dog  to  this  layer  of  sand  about  a 
year  ago,  about  two  blocks  further  south,  situated  in  the  street,  in 
an  un&eqaented  part,  which  at  first  had  a  flow  of  good  water,  but 
finally  became  bad  and  had  to  be  abandoned.  On  examination  this 
was  found  to  hare  the  odor  of  decaying  organic  matter,  and  even 
of  animal  matter.  It  has  been  in  disuse  and  shut  for  some  months, 
the  tight  pine  curb  rising  about  20  inches  above  the  ground  and 
covered  with  a  board  nailed  over  it.  Hence  the  contamination 
cannot  come  irom  dead  frogs  nor  rats,  nor  yet  from  sewage  nor 
from  surface  indraining.  Like  most  of  the  wells  in  the  town  the 
s\irface  of  the  ground  is  elevated  about  the  well,  by  throwing  baclc 
round  the  curb  the  clay  excavated  in  digging. 

At  John  Erickson's  Brewery  is  a  well  105  feet  deep,  dug  about 
two  months  ago  (April  or  May,  1877).  This  well  is  used  at  the  rate 
of  15  or  20  barrels  per  day.    It  is  curbed  with  pine. 


The  Brewery  Well  at  Moorhead. 

1.  Li^tday 20  feet. 

2.  Quicksand 4  feet. 

3.  Blue  clay  with  gravel  and  bonldera 80  feet. 

4.  Sand,  with  copious  water 

The  water  from  the  bottom  of  this  well  was  under  such  hydro- 
static  pressure  that  it  lifted  up  bodily  "about  two  feet"  of  the  en- 
tire clay  bottom  of  the  well,  and  rose  immediately  about  80  feet  in 
the  well.  The  water  is  strongly  alkaline,  but  bright  and  clear,  and 
is  used  for  beer-making  in  preference  to  that  of  the'  river.  This 
well  was  too  recently  dug,  and  is  too  copiously  used,  to  show  any 
markedly  bad  effect  from  the  pine  curbing. 

The  well  of  Lamb  Bros,  is  sixteen  feet  deep,  situated  under  the 
floor  of  a  livery  bam.  It  is  curbed  vrith  pine.  The  water  has  an 
alkaline  taste,  which  is  said  to  be  "sweet,"  and  is  very  copiously 
used.  It  has  never  been  noticed  to  be  offensive,  bat  will  not  do  for 
washing.  The  clay  here  was  but  six  feet  thick,  and  the  sand  is 
said  to  have  been  ten. 

Jacob  Thomas^  well  is  U  feet  deep,  curbed  with  pine,  smells  and 
tastes  of  decaying  organic  matter,  but  not  strongly  of  alkali. 
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Fargo — The  well  at  the  Forgo  House  is  25  feet  deep,  and  the  water  U 
BOW  good — as  good  as  any  water.  It  was  dug  one  year  ago,  and  is 
curbed  with  pine.  Probably  the  fermentation  took  place  last  sea- 
Bon.  Indeed,  a  gentlemen  who  *was  at  the  house  at  Christmas  af- 
firms it  was  not  so  good  then  as  now;  yet  the  landlady,  who  proba- 
bly would  not  notice  a  gradual  change  in  the  water,  says  it  has  al- 
igh  she  also  admits  it  did  "ta?te  of  the 
,"      Another  gentleman  says  it  was  not 

low  is  25  feet  deep,  lately  dug  and  just 
It  is  a  good  water  also,  as  good  as  any 
curbed  with  pine.     For  a  time  it  was  un- 

:  is  a  shallow  well,  dug  four  feet  square, 
nty  of  water  which  rises  about  ten  feet, 
pith  effete  vegetable  matter.  It  was  dug 
disuse  for  some  time. 

)am  of  A.  H.  Moore  is  a  shallow  well.  It 
rels  and  furnishes  pretty  good  water,  but 
;  below  the  curbing.  The  water  gives  off 
ogen,  but  much  less  than  the  well  at  Mr. 


's  house  is  96  feet  deep,  curbed  with  pine, 
id  has  a  strong  odor  of  sulphuretted  hy- 

as  dug  for  a  cistern  and  is  about  13  feet  in 
md  cemented.  The  water  broke  in  at  the 
een  good. 

■  Fargo,  is  a  shallow  well,  and  smells  very 

t  first.     It  has  a  pine  curb. 

la  were  examined  at  Moorhead  and  Fargo, 
repetition  of  the  foregoing.  They  were 
with  pine,  had  good  water  at  first,  and  af- 
19  1)ecame  foul  and   had  to  be  abandoned. 

hinner  on  the  Moorhead  side  than  on  the" 
id  wholly  disappears  a  few  miles  east  of 
the  hardpan  clay  appearing  in  low  exsic- 
:rs  before  reaching  the  south  branch   of 
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On  visiting  Moorhead  again  later  in  the  season  (September  1877) 
aome  of  the  wells  that  were  unfit  for  use  in  June  were  found  some- 
what improved,  especially  those  that  had  been  copiously  pumped. 
The  Bramble  Houae  well  was  not  improved,  but  rather  had  become 
worae.  Mr.  Sloggy  referred  to  the  well  of  Mr.  Mangus  Peterson 
aa  a  curious  illustration  of  the  fickleness  of  the  water  in  the  Moor- 
head  wells.  This  is  situated  only  across  J:he  street  &om  his  at  his 
house,  dug  about  the  same  depth  (26  or  27  feet)  and  is  curbed  like 
his  with  pine,  but  affords  the  "best  water  in  the  town."  This 
seemed  to  imply  that  the  fault  is  not  in  the  curbing.  On  examina- 
tion of  this  well  it  was  found,  as  stated,  to  afford  as  good  water  as 
Mr,  McHench's  in  Pargoj  and  was  dug  in  September,  1876.  It  had 
been  so  foul  that  it  was  not  used  for  several  months.  This  sum- 
mer it  was  emptied  repeatedly  and  began  to  improve.  The  neigh- 
bors also  began  to  use  it,  so  that  it  soon  acquired  a  reputation  for 
its  excellence.  In  this  case  the  copious  use  of  the  well  is  what 
renders  the  organic  impurities  imperceptible.  By  standing  it  will 
probably  relapse  into  as  bad  a  condition  as  before. 

Glyndon — At  Glyndon  the  wells  are  ail  alkaline,  and  also  generally 
about  sixteen  or  twenty  feet  deep.  They  pass  at  once  into  the  hard- 
pan  clay.  They  are  all  curbed  with  pine.  Only  one  is  now  fit  for  use. 
It  is  that  of  the  house  lat^y  purchased  of  Major  Tenny  by  James 
Mclienan  for  use  as  a  hotel.  This  does  not  taste  of  organic  decay, 
but  is  strongly  alkaline.  The  well  at  the  present  McLenan  House 
is  very  foul,  but  the  former  ia  freely  used  by  the  whole  village. 
The  well  at  the  Campbell  House  is  not  used.  It  is  very  heavily 
charged  with  organic  decay  in  its  foulest  stage,  and  has  been  in 
disuse  much  of  the  time  for  four  years.  Though  cleaned  out  about 
a  year  ago,  and  used  slightly  for  a  few  months,  it  is  still  unfit  for 
use.  It  is  within  a  few  rods  of  the  above  named  well  which  is 
used  by  most  of  the  families  of  the  village,  and  has  about  the  same 
depth.  Water  from  the  well  in  general  use  was  examined  chem- 
ically by  Prof-  Peckham,  and  compared  with  a  similar  examination 
of  that  from  the  Campbell  House,  without  showing  any  important 
difference  in  the  impurities  contained  in  solution.  They  are  both 
hard  waters.  While  from  one  is  escaping  constantly  a  volume  of 
noxious  organic  odors,  including  sulphuretted  hydrogen  gas,  the 
other  is  wholly  inodorous,  and  is  freely  used  for  all  domestic  pur- 
poses. It  is  plain  that  there  is  something  in  the  surroundings  of 
the  wells  which  causes  the  difference.  They  are  both  curbed  with 
pine  and  were  dug  some  years  ago.    It  is  also  probable  that  the 
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copious  use  of  the  one  keeps  it  substantially  inocuous,  while  the 
disuse  of  the  other  intensifies  the  foul  qualities.  That  in  constant 
use  is  a  large  open  well.  That  which  is  foul  ma;  be  confined  and 
covered.  It  is  also  eTident  that  the  bad  qualities  of  these  wells 
cannot  be  detected  by  the  ordinary  chemical  examination  of  their 
mineral  impurities.  In  other  words,  the  foul  odors  arise  from 
organic  ingredients  which  are  volatile.  There  is  no  other  supposa- 
ble  cause  for  these  odors  adequate  to  the  explanation  of  so  preva- 
lent a  disorder,  than  to  attribute  them  to  the  decaying  pine  curbing 
which  is  co-extensive  with  the  disorder. 

There  are  several  other  wells  at  Glyndon,  but  they  are  all  bad 
from  the  same  cause.  They  are  sunk  in  gravelly  clay,  and  get 
water  in  gravel. 

The  well  at  the  Round  House,  situated  somewhat  west  of  the 
village,  was  dug  in  1872  by  the  St.  Paul  k  Pacific  Railroad,  and  is 
reported  as  follows  by  Cbas.  A.  F.  Morris,  who  was  Chief  Engineer 
when  the  well  was  dug: 

Round  House  Well  at  Glyndon. 

1.  Black  Kil Ift-Sim. 

2.  Yellow  qokksaod 12ft.  . 

3.  Kue  qnidoasd,  sheet*  of  turf  and  vegetable  depodtt. ...  3  ft.  6  in. 

4.  Blue  clay  and  dhft  wood 2  ft. 

5.  Blueclay 2ft.7in. 

Total  depth 21  ft.  6  in. 

This  section  is  interesting,  as  it  reveals  a  layer  of  drift  wood  18 
feet  below  the  surface.  While  this  was  probably  deposited  by  the 
current  of  Buffalo  river,  which  runs  near  Glyndon,  daring  some 
earlier  history  of  its  channel,  which  then  must  have  occupied  a 
different  position  from  what  it  does  now,  it  may  still  be  due  to 
water-logged  drift  wood  that  was  gathered  along  the  shore  of  the 
ancient  lake  that  once  extended  to  or  even  beyond  Glyndon,  The 
character  of  the  material  overlying  the  drift  wood  ("yellow  quick- 
sand") strongly  indicates  the  fluvial  rather  than  the  lacustrine 
origin  of  the  drift  wood.  Its  not  having  been  discovered  at  other 
points  is  cumulative  evidence  of  its  not  extending  generally  under 
the  country  about  Glyndon,  as  it  would  be  more  likely  to  do  if  of 
lacustrine  origin.  Hence  it  is  not  likely  that  the  bad  odors  of  the 
wells  there  are  attributable  to  vegetable  decay  from  that  source.  If  it 
were  demonstrated  or  admitted  that  vegetable  decay  is  the  cause  of 
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ttiese  odors,  it  would  be  folly  to  oTerlook  the  chief  known  source  of 
such  contamination  (the  pine  curbing)  and  search  for  it  in  the  soil 
or  clay,  or  buried  drift  wood. 

At  Fisher's  Landing,  just  below  Grookston,  on  Red  Lake  rirer, 
the  grade  of  the  railroad  ia  made  of  gravel,  rounded  by  water 
action,  similar  to  that  seen  in  a  number  of  places  along  the  road 
between  Glyndon  and  Grookston,  where  waye-action  has  carried 
away  the  clay  from  the  drift,  and  has  left  the  gravel  stones  strewn 
over  considerable  areas.  A  double  handful!  of  these  pebbles,  from 
one-half  to  one  inch  in  diameter,  picked  up  without  selection, 
afforded  seventeen  of  fine,  compact  limestone,  and  four  of  meta- 
morphic  rock.  This  shows  probably  an  average  -  proportion  of 
limestone  pebbles  to  metamorphic  in  the  drift  of  the  Red  River 
valley  in  general;  though  it  is  probable  the  limestone  pieces  would 
be  more  numerous  still  further  north,  and  less  abundant  toward 
the  south.  These  limestone  pieces  are  strewn  with  the  drift  all 
over  the  western  portion  of  the  State,  even  to  the  Iowa  state  line, 
large  pieces  sometimes  beiag  found  in  the  soathem  tier  of  counties. 
They  come  from  the  Winnip^  limestone. 

Winnipeg — By  the  courtesy  of  the  officers  of  the  Red  River 
Transportation  Gompany  the  party  were  taken  to  Winnipeg  and 
there  made  further  examinations. 

Connell  and  Barkers  well,  dug  about  a  month,  is  56  feet  deep. 
The  water  was  at  first  good,  but  now  has  a  faint  taste  of  sulphu- 
retted hydrogen.  This  may  be  attributed  to  the  wood  curbing 
placed  in  the  well,  which  is  of  spruce.  The  well  went  through  40 
feet  of  fine  brick  clay,  and  16  feet  of  stony  clay,  with  boulders  of 
granite  and  limestone. 

Wm.  Hespeler's  well  on  a  lower  terrace  level,  dug  three  years 
ago,  was  used  last  year  by  two  water-carts  in  distributing  water 
throughout  the  city,  and  was  good,  but  now  it  is  little  used,  and 
has  a  sulphuretted  taste.  It  passed  twelve  feet  through  brick-clay 
and  obtained  water  in  quicksand;  has  pine  curbing. 

Wm.  Hespeler's  old  well,  on  the  same  level,  dug  fotir  years  ago 
near  the  last,  formerly  had  a  sulphur  taste,  but  now  furnishes  a 
beautiful  cold  water.  It  is  tUso  twelve  feet  deep.  It  has  a  pine 
curbing. 

Thds.  Maxwell's  well  is  near  the  last  two;  was  dug  this  spring, 
and  furnishes  perfectly  good  water.  It  is  the  same  as  the  last  two- 
in  all  essential  particulars,  except  that  it  is  copiously  used  by  three 
water  carts  in  delivering  water  in  the  city.    Its  depth  is  also  a  lit- 
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tie  greater,  bat  the  water  is  front  quicksand.  The  OTerlying  clay 
was  found  to  be,  as  in  those,  about  12  feet.  No  atony  clay  vas  met 
■with  in  these  wella. 

The  Messrs.  Chambers  Brothers  have  just  completed  a  well,  and 
pat  in  wooden  curbing.  It  is  on  the  upper  flat  and  57  feet  deep, 
much  of  the  depth  being  in  a  stony  clay.  The  water  is  alkaline. 
Aai  as  yet  has  no  taste  of  sulphuretted  hydrogen,  or  organic  odors. 

The  well  at  the  Union  Hotel  is  "sweetly  alkaline."  It  is  just 
dug,  has  a  wooden  curbing,  and  is  57  feet  deep;  in  gravelly  clay. 

The  well  at  the  Free  Press  building  was  dug  four  years  ago,  and 
is  59  feet  deep.  The  water  is  alkaline  and  sulphuretted.  The  well 
is  curbed  with  pine,  which  still  affects  the  water.  The  water  rises 
from  a  gravelly  clay  deposit  near  the  bottom,  and  stands  within  ten 
'Or  twelve  feet  of  the  surface.     It  is  not  much  used. 

[Note — The  Hist  well  of  Mr.  Hespeler,  mentioned  above,  i*  at  the  Orilla 
House.  It  u  near  a.  bem,  with  a  manure  pile  veiy  near.  It  was  foul,  anil  on 
being  cleaned  two  or  three  dead  gophen  were  taken  from  it.  His  second  well  ii" 
at  his  brick  block,  but  not  more  than  forty  feet  from  the  first.  It  wa«  alno  foul 
and  "atagmmt"  last  year,  but  on  being-  more  pumped  became  good  again.  The 
Maxwell  well  is  between  them  and  in  a  low  banijard  or  muddy  spot.  It  in  used 
1^  three  water  carts.  The  tight  claj  of  which  the  iurfkcc  consists  seems  to  shed 
all  .lurfaee  impunties  whenever  the  nlope  itt  awa;  from  the  well.  This  is  shown 
bj  the  Maxwell  well  which,  though  &TOrably  situated  for  surface  indrainage,  b 
perfectlj  tree  from  thene  bad  odors,  and  is  largely  used.  | 

The  lime  rock  at  Andrew's  Rapids,  twelve  miles  l«low  the  city  of 
Winnipeg,  is  quarried  and  used  for  all  building,  and  even  as  dre-ssed 
cut-stone  for  large  ornameutal  fronts.  That  at  Rocky  Hill,  or 
Stony  Mountain,  where  the  penitentiary  is  built,  17  miles  north- 
west of  the  city,  seems  to  be  of  the  same  general  age  and  texture, 
but  18  more  fossiliferotis  and  irregular.  Its  color  is  a  light  hurt,  or 
feded  drab.  It  is  in  all  respects,  exactly  like  the  boulders  and 
gravel  strewn  so  abundantly  over  western  Minnesota. 

At  tliis  place  the  lacustrine  clay  makes  »  cream-colored  bnck. 
Below  it,  or  in  it,  is  a  sand  layer,  which  does  not  seem  to  l>e  eveiy- 
where  met,  which  gives  good  water  not  perceptibly  alkaline.  The 
drift>-c!ay  below  givt-s  a  strongly  alkaline  water.  There  are  some 
artesian  wells  in  this  neighborhood  which  rise  from  below  the  blue 
■driiWlay,  or  hardpan. 

White  Earth.—Hr.  G.  A.  Morrison,  of  the  Whit«  Earth  Indian 
Reservation  is  authority  for  the  statement  that  the  same  ditficulty 
with  bad  water  is  encountered  there.    The  wells  are  dug  in  the  drift 
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clay,  and  are  all  curbed  with  pine,  with  one  exception.  That  also 
was  at  iir»t.  but  the  curb  was  taken  out  and  stone  walling  was 
put  in.     The  ^Yater  was  bad  before  the  change,  but  now  it  is  good. 

Detroit. — Wells  at  Detroit  enber  gravel  within  twenty-five  or 
thirty  fert,  and  find  a  good  lining  and  chalybeate  water  ia  abund- 
ance. Wells  are  curbed  with  pine.  The  country  here  is  rolling, 
and  the  drift  ciay  is  very  gravelly;  indeed  the  gravel  which  fur- 
nishes the  water  of  wells  seems  to  rise  to  the  very  surface.  No 
trouble  with    fou!  water. 

Perham. — Here  the  soil  is  a  loam,  and  the  subsoil  and  drift  are 
gravelly,  allowing  free  underground  drainage.  Water  is  found  at 
20  and  30  feet.  Some  pine  curbs  have  been  used,  but  there  has 
been  no  trouble  with  foul  water.    The  supply  is  copious. 

Brainerd, — Many  of  the  wells  curbed  with  pine  at  this  place  are 
foul  in  the  same  manner  as  at  Fargo,  Breckenridge,  &c.  Atten- 
tion was  directed  to  the  fact  by  Dr.  J.  C.  Rosser,  of  Brainerd,  in 
connection  with  the  occurreneo  of  numerous  eases  of  typhoid 
fever  which  had  been  attributed  to  the  use  of  bad  well-water. 
The  soil  here  is  sandy,  with  some  clay,  with  a  clayey  sub-soil. 
In  company  witli  Dr.  Rosser  and  Dr.  V.  C.  Smith,  of  Duluth, 
the  writer  visited  and  examined  about  twenty  wells.  They  were 
foond  to  be  all  curbed  or  waited  with  pine.  They  have  an 
average  depth  of  thirty-five  to  forty  feet  and  penetrate  a  stony  clay 
deposit.  They  have  mostly  been  dug  for  a  number  of  years. 
The  majority  have  a  distinct  taste  of  decayed  wood,  and  are  turbid 
with  floating  particles  from  the  pine.  The  smell  is  not  so  rank  as 
in  many  in  the  Red  River  Valley,  and  in  most  of  them  no  offen- 
sive odor  can  be  distinguished,  though  to  the  taste  there  is  a  dis- 
tinct trace  of  organic  decomposition.  They  seera  to  have  a  great 
deal  of  detached  floating  (or  suspended)  fungus  growth,  which  is  of 
a  yellowish-brown  color  and  inodorous.  These  wells  are  in  what 
might  be  styled  the  second  stage,  or  one  of  fungus  growth  and  dead 
wood,  which  is  a  natural  sequence  of  the  rank  and  odorous  stage 
which  they  first  pass  through.  The  occurrence  of  trequcnt  cases  of 
typhoid  fever  both  at  this  place  and  in  the  fled  River  Valley,  taken 
in  connection  with  bad  well-water  in  both  places,  was  suggestive 
of  the  possible  existence  of  a  common  cause.  It  was  for  this  rea- 
son that  Dr.  Rosser  desired  an  examination  of  the  Brainerd  wells. 
Three  samples  were  procured  for  chemical  examination.  They  were 
examined  by  Prof  Feckham  with  the  following  results  ; 
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Analysis  of  Well  Waters  from  Brainerd. 


No,  49,  above,  was  from  a  well  used  by  a  family  in  which  there 
had  been  a  recent  case  of  typhoid  fever.  The  water  had  been  con- 
demned some  time  before,  and  the  well  cleaned  with  the  discovery 
of  several  dead  mice;  but  since  the  cleaning  the  water  had  not  bsen 
noticed  to  be  bad  again.  The  fever  occurred  after  the  use  of  the 
well  subsequent  to  its  being  cleaned.  At  the  time  the  sample  was 
taken  the  well  had  been  standing  again  unused,  from  the  remov^ 
of  the  family,  for  a  few  weeks.  It  has  a  pine  curbing.  On  visiting 
this  well  it  was  found  to  be  perceptibly  contamiaated  with  organic 
decay,  which  was  perceivable  by  the  smell  as  well  as  by  the  taste. 

No.  50  was  Irom  a  well  that  was  not  known  to  have  any  bad 
taste  or  to  have  been  accompanied,  in  its  use,  by  any  cases  of  fever, 
though  curbed  with  pine. 

No.  51,  at  the  Leland  House,  there  had  been  several  cases  of  typhoid 
fever  during  the  summer.  Indeed,  with  the  single  exception  of  the 
case  in  the  family  of  Mr.  Alsop,  all  the  cases  in  the  town,  (season 
of  1877)  were  confined  to  this  house.  The  water  from  this  well, 
which  is  in  the  kitchen  and  not  well  protected  from  surface  in- 
drainage,  has  a  distinct  odor  and  taste  very  much  the  same  as  those 
in  the  Red  river  valley,  though  less  rank.  This  well  is  curbed 
with  pine. 

These  analyses  give  abundant  evidence  of  organic  matters  in 
these  wells.  The  albuminoid  and  free  ammonia  can  have  no  other 
plausible  explanation  ;  but  although  at  the  present  time  their  use 
is  visited  with  typhoid  fever,  they  are  no  worse  than  many  others 
which  were  examined,  and  probably  no  worse  than  moat  of  the 
wells  of  the  place  that  are  so  curbed,  during  some  former  portion 
of  their  history.  In  former  years  this  town  has  been  severely  af- 
flicted with  typhoid  fever.  At  one  house,  formerly  use  as  a  hotel, 
it  had  been  so  common  that  the  house  was  for  some  months  a  very 
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hospital  of  typhoid  fever,  but  now  is  not  so  much  troubled.  This 
well,  however,  is  still  bad  irom  the  same  cause,  but  has  passed  its 
foulest  stage.  In  other  cases  when  these  wells  have  been  unused 
for  some  time,  the  odor  becomes  intensified;  audit  is  a  singular 
feet  that  familiarity  with  and  use  of  the  water  renders  it  impossible 
to  distinguish  it,  and  even  makes  it  agreeable.  The  most  of  the 
wells  examined  were  said  to  have  "good  water"  by  the  owners. 
Occasionally  a  man  is  found  who  says  his  well  "tastes  of  the  wood;" 
and  also  one  occasionally  who  really  knows  that  the  water  becomes 
foul  from  the  pine,  and  recommends  instead  that  oak  be  used. 

In  Mr.  FoUet's  well,  near  Mr.  Alsop's,  the  decay  is  juflt  begun, 
the  well  having  been  dug  this  summer.  It  shows  in  iridescent 
films  that  float  on  the  surface  of  a  cupfiil,  but  does  not  now  taste 
very  bad. 

Herman. — ^The  deep  well  at  this  place  was  drilled  by  C.  E. 
Whelpley,  of  Minneapolis,  and  the  following  record  of  it  was  fur- 
nished by  him ; 


Water  from  the  top  of  the  roek  rose  to  within  six  feet  of  the  sur- 
&ce.  There  was  considerable  coal  on  the  surface  of  the  rock.  The 
rock  was  very  hard  to  drill  and  showed  several  changes  within  the 
sixty-five  feet.  The  following  letter  may  here  be  given  pertaining 
to  this  well. 

HiNNBAPOUs,  Minn.,  33d  March,  ISK. 

C.  E.  Whelply,  1506  3H  Strut  South ; 

DearSir: — I  havejnat  received  your  letter  of  March  23d,  written  at  Uennan; 
ccmtabiiiKBampleeofrock  tBken&W  near  tiie  bottom  of  the  irell  ;oa  ate  drill- 
ing-  there ;  in  which  fou  ask  me  what  kinde  of  lock  the;  are,  and  the  prot>ability 
of  getting  a  flowing  well  bj  dnlliug  deeper.  The  samples  are  as  follows,  as  you 
anmbered  them,  in  descending  order. 

No.  1.  "Found  124  feet  under  blue  clay,  seven  or  eight  feet  thi«^."  This  ia 
the  same  stone  as  the  limestone  boulders  that  lie  strewn  over  the  aur&ce  of  the 
Red  River  flats  from  Winnipeg  t«  Big  Stone  Lake  and  beyond,  and  is  found  out- 
CTopping  at  the  surface  beyond  tlie  limits  of  Minnesota  in  Manitoba.  It  is  a  fine 
grained,  bufT,  magnesian  limestone,  of  the  Silurian  or  Devonian  age.    Your  let- 
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ter  seema  to  convey  the  idBa  that  this  lies  in  a  layer  seven  or  eight  feet  thick  im- 
mediately over  the  rock  of  the  next  number.  That  would  be  anomaloua  and  un- 
expected. It  is  veiy  probable  that  this  ira^ment  ia  from  &  drift  boulder,  and 
that  Uie  tliicknesa  of  seven  or  eight  feet  was  occupied  with  a  compacted  baulder- 
mass,  mostly  made  op  of  such  rock.  It  ia  true  that  nearly  all  the  boulders  and 
gravel  ofthe  drift  in  that  whole  region  ai-e  of  this  rock,  and,  according  to  a  well 
known  &ct,  boulders  are  much  more  frequent  in  the  lowest  ten  feet  of  the  drift 
than  in  any  other  part.  •*•»»»•• 

No.  2.  Thia  ia  a  quartzow,  granite,  parti-colored  by  fteah-red  feldspar.  It  is 
but  a  small  piece,  but  ia  compact  and  fresh.    It  has  but  little  mica. 

Ko.  3.  This  IB  a  white,  niicaceoua  quaittyte,  in  which  there  seems  to  be  a  little 
gray  labradorit«. 

No.  4.  This  is  a  fragment  of  crystalline  feldspar,  with  one  rectangular  cleav- 
age, and  B  dull,  vitreous  luat^, — an  orthodase. 

No.  5.  This  fragment  consists  of  glassy  quarts  and  mica. 

No.  6.  Mica  schist,  with  associated  talcose  rock. 

No.  7.  Mica  schist  with  veinings  of  calcite. 

No.  8.  Mica  schist,  changed  in  color  by  heat  applied  since  it  was  taken  out  of 
the  well.     (Same  aji  No.  6.) 

No.  9.  Coarae  mica  schiat.  Thia  came  from  a  depth  of  186  feet,  and  ia  said  to 
have  begun  at  180  feet. 

A  glance  at  these  samples  is  sufficient  to  show  that  your  well  ia  now  In  the 
metamorphic  rock,  the  strata  of  which  are  discordant  and  highly  tilted,  and  fiom 
which  there  are  no  instancea  of  artesian  overflows  that  I  have  ever  heard  of.  All 
our  artesian  wella  are  in  higher  geological  horizons.  I  should  unhesitating^ 
discouiage  you  from  drilling  any  deeper  in  hope  of  getting  a  flowing  well.  Theee 
rocks  are  several  thousand  feet  in  thickness,  and  are  fallowed  by  granifea  and 
sycniies,  in  which  there  ia  no  better  chance  of  ait£siaii  water. 
Very  respectfully, 

N.  H.  WINCHELL. 

The  Surface  Geology  of  the  Cottntry. 

It  is  not  possible  to  give  a  full  account  of  the  surface  deposits  of 
the  valley  of  the  Red  River  of  the  North.  This  sketch  will  be 
confined  to  such  general  views  aa  may  be  gathered  from  a  hasty 
reconnoisance,  based  on  such  facts  as  an  inspection  of  the  banks  of 
the  river  at  numerous  points  and  the  examination  of  the  foregoing 
wells  have  afforded.  The  full  detaila  will  have  to  be  filled  in  by 
subsequent  and  more  elaborate  exploratipn. 

It  is  found  that  the  lowest  portion  of  the  drift  consists  of  a  stony 
clay,  which  below  contains  more  abundant  gravel,  and  throughout 
many  stones  and  boulders.  It  is  also  probable  that  many  wells 
which  have  been  supposed  to  have  passed  through  it,  have  only 
stiTick  water-bearing  courses  of  gravel  or  sand  in  the  clay  itself. 
This  deposit  is  generally  blue.    When  it  is  at  the  surface  it  is 
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lighter  colored.  The  stones  which  it  contains  are  from  TarionB 
formations,  but  about  T5  per  ceut.  of  them  seem  to  belong  to  the 
Winnepeg  limestones.  The  rest  of  the  stones  are  granitic.  This- 
clay  also  contains  Cretaceous  debrja,  such  as  slate  and  lignite.  Such 
lignite  sometimes  is  rather  plentiful,  and  indicates  that  the  Creta- 
ceous formation,  which  is  rather  fragile  and  incapable  of  enduring 
long  transportation,  underlies  large  portions  of  the  valley,  if  not 
the  whole  of  it,  and  that  the  clayey  portions  of  the  atony  clay  have 
been  very  largely  derived  fr«m  the  disintegration  of  this  formation. 
This  is  further  evinced  by  the  occurrence  of  crystals  of  selenite  in 
the  drift  deposits  near  Fort  Abercrombie,  the  sulphate  of  lime 
being  one  of  the  alkaline  salU  that  seems  to  have  been  abundantly 
in  solution  in  the  waters  of  the  Cretaceous  ocean.  This  vast  clayey 
deposit  of  unmodified  drift  rises  to  the  surface  round  the  margins 
of  the  valley  and  spreads  out  in  extensive  flats,  on  both  sides  of  the 
river,  and  between  Breckenridge  and  Big  Stone  Lake  toward  the 
south.  This  flat  surface  passes  by  insensible  degrees  to  one  more 
rolling,  and  at  the  same  time  becomes  more  stony,  toward  the  east, 
making  the  bulk  of  the  Leaf  Hills  in  Minnesota,  and  toward  the 
west  making  the  Coteau  de  Prairie  in  Dakota.  It  is  essentially  and 
typically  a  glacier-deposit,  its  varied  aspects  being  due  to  the  agency 
of  water,  present  at  the  time  of  deposition,  and  either  running  with 
considerable  current  so  as  to  wash  out  the  clay  and  make  stratified 
gravels  and  sands  within  the  mass,  as  in  the  Leaf  Kills  and  in  the 
Coteau,  or  in  the  form  of  standing  water,  by  which  the  clayey  parts- 
were  retained  and  the  whole  spread  out  with  a  smooth  upper  8ni> 
fioce,  without  much  modification  of  structure. 

After  this  drift  clay  was  deposited  there  was  for  a  long  time  a 
large  lake  of  fresh  water  standing  over  the  valley  of  the  Red  River 
of  the  North,  which  had  an  outlet  toward  the  south  by  way  of  the 
Minnesota  valley.  This  lake  probably  began  its  existence  during 
the  last  period  of  ice,  and  was  caused,  at  least  during  the  latter 
part  of  its  prevalence,  by  the  glacier  ice  itself,  which  obstructed 
the  northward  flow  which  the  natural  slope  of  the  country  indi' 
cated  and  required.  This  lake  began  its  existence  on  a  much  more 
restricted  scale  near  Big  Si^one  Lake,  and  it  received  and  spread  out 
evenly,  as  already  noted,  the  glacier  drift  as  fast  as  the  glacier 
brought  it  forward.  It  grew  toward  the  north  as  fast  as  the  retreat- 
ing ice  sheet  made  way  for  if.  At  length,  when  there  were  partial 
or  periodical  openings  in  the  northward  outlet  by  way  of  Winni-  , 
peg,  its  shore  line  advanced  or  receded  as  the  outlet  opened  or 
closed  by  the  seasons  of  the  waning  glacial  winter.     Hence   the- 
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fiae  deposits  which  it  spread  widely  during  the  times  of  its  highest   , 
stages  were  withdrawn  by  the  receding  beach  line  during  the  times 
of  its  shrinkage   and  partial  discharge  northward.      Hence  the 
lacustrine  clay  is  not  spread  so  widely  as  would   be  expected   from 
the  existence  of  beach  marks  at  some  elevated  levels. 

It  was  the  water  of  this  lake  during  its  period  of  agitation  and 
instability  that  produced  the  next  noteworthy  member  of  the  drift 
deposits  in  the  Red  River  valley.  This  is  a  layer  of  gravel  and 
sand,  sometimes  containing  fresh  water  shells  in  abundance,  as  at 
McCauleyville,  which  nearly  everywhere  underlies  the  lacustrine 
clay  and  affords  water.  This  sometimes  is  several  feet  thick.  It 
lies  directly  on  the  upper  surface  of  the  boulder  clay,  but  it  does 
not  extend  generally  over  that  surface  where  the  lacustrine  clay  is 
wanting. 

The  lacustrine  clay  is  horizontally  stratified,  and  contains  no 
stones  (at  least  none  have  been  seen)  nor  gravel.  It  is  fine  and 
close.  It  is  of  a  yellowish  or  eartKy  color;  or  at  considerable 
depth  it  may  be  bluish.  It  makes  cream-colored  brick.  It  contains 
less  of  the  ^"alkali"  than  the  drift  clay  Its  area  is  about  twenty- 
five  miles  wide  in  Minnesota,  but  it  extends  westward  into  Dakota 
with  about  equal  width,  or  perhaps'  greater,  and  runs  northward 
into  Manitoba  with  an  increasing  width  and  thickoess.  It  is  barely 
found  south  of  Breckenridge.  Its  special  location  is  along  th° 
river,  covering  a  belt  on  either  side,  and  widenina;  east  and  west  up 
the  tributary  valleys.  But  the  most  of  the  sur&ce  of  the  Red 
River  valley,  within  Minnesota,  seems  to  be  formed  of  the  drift 
clay,  showing  stones  and  gravel  in  abundance.  There  is  not  much 
doubt  that  this  lacustrine  clay  was  once  spread  more  widely  over 
the  surface  of  the  drift  clay,  and  was  removed  by  the  action  of  the 
slowly  retreating  shore  line. 

The  latest  of  the  surface  deposits  is  the  alluvium  of  the  river, 
which  sometimes  becomes  a  very  important  one.  Its  amount  and 
area  are  greater  further  north.  While  this  is  generally  an  incohe- 
rent, amorphous  and  arenaceous  deposit  rich  in  vegetable  humus, 
and  is  confined  to  the  immediate  valley  between  the  bluffs  formed 
of  the  older  foregoing  clays,  yet  there  are  some  places  where  it  is 
more  compact,  and  has  an  undulating  stratification  that  somewhat 
resembles  that  of  the  lacustrine  clay  into  which  it  then  seems  to 
pas-s.  Such  cases  are  not  common,  however.  It  is  this  deposit 
that  beare  the  timber  that  occupies  the  valley.  It  is  much  more 
abundant  where  the  lacustrine  clay  forms  the  river  banks  than 
where  they  are  composed  of  drift  clay. 
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The  adjoining  diagram,  representing  a  transverse  section  of  the 
valley  at  Moorhead,  illustrates  the  superposition  of  these  parts  of 
the  drift. 


aectlon  ftcross  tbe  Bed  River  Vallej  at  Hoorhead. 

The  Ckemkal  Peculiarities  of  the  Waters  of  the  Valley. 

In  general  the  waters  of  the  entire  valley  are  alkaline*,  whether 
taken  from  wells,  springs  or  running  streams.  That  is  to  say,  they 
contain  considerable  amounts  of  lime,  magnesia  and  soda,  combined 
as  sulphates,  carbonates  and  chlorides.  They  are  not  often  very 
bitter,  indicating  a  moderate  amount  only  of  the  chlorides  of  cal- 
cium and  magnesium,  but  they  contain  on  the  other  band  not  a 
sufficient  quantity  of  sodium  chloHde  to  allow  of  denominating 
them  saline.  The  soda  is  probably  in  the  form  of  bicarbonate,  with 
a  small  proportion  ot  chloride,  the  lime  as  carbonate  and  sulphate, 
and  the  magnesia  as  sulphate.  Indeed  the  most  predominant  taste 
is  that  of  sulphate  of  magnesia,  or  epsom  salt.  The  waters  of  the 
valley  are  not  equally  affected  by  these  mineral  ingredients.  Those 
•Tlie  analysis  o(  the  "Mkall"  o(  the  western  prairies,  taken  from  tbe  soutb  bend  ot 
Hooeertver,  Id  Dakota  teiTltar;,bjPtot.E.H.TwlDlng.  Is  e^Ten  In  tbe  report  oC  the 
Superintendent  ot  Public  Instruction  ol  the  State  lot  1S70.    lEi.  Docs.  oC  i^i.] 

1.  Goarae  gravel,  principally  quartz  28  per  cent. 

3.  Finer  material,  principally  quartz  sand is  per  cent. 

3.  Fine  dust,  (passes  througb  a  sieve  ot  goto  anfncb 54  percent. 

Total lOD percent 


Loss  by  Ignition  (water  and  organic  matter) 3,99  per  cent- 
Insoluble  Id  acids  (principally  quartz  sand) VI. «  percent. 

Soluble  silica l.3e  per  cent. 

Sulphurie  acid T, 43  per  cent. 

Carbenlo  acid B.9t  per  cent. 

5£Sii:l<^«M-""»  c««M. "»(:::::::::::::::::  fSKfS 

Potash i.wperoent.  - 

floda 8.18  per  cent. 

Alumina  and  SesquloiMe  ol  Irom 1,73  per  cent 

Cmorine Trace. 

Total '.. SB,9«  per  cent, 
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springs  or  wells  that  obtain  their  water  from  the  drift  clay  are 
the  most  uniformly  and  strongly  affected.  Those  whose  source  is 
in  the  lacustrine  clay,  or  from  the  sandy  layer  between  it  and  the 
drift  clay,  are  much  less  alkaline,  as  a  general  rule,  though  it  is  not 
at  all  impossible  that  that  layer  should  contain  water  derived  im- 
mediately from  the  underlying  drift  clay,  which  would  be  as  strong- 
ly alkaline  as  any  directly  from  the  drift  clay.  The  waters  freest 
from  these  mineral  impurities  are  those  found  in  the  streams.  Of 
these  streams  those  will  be  found  least  alkaline  that  flow  wholly  or 
mostly  over  the  lacustrine  clay,  and  hence  they  are  in  the  northern 
portion  of  the  valley,  where  the  lacustrine  clay  spreads  wider.  The 
water  of  the  Bois  des  Sioux  is  purer  (so  far  as  these  ingredients  are 
concerned)  than  that  of  the  Otter  Tail.  The  former  is  the  outlet  of 
Lake  Travers,  and  it  is  confined  wholly  to  the  immediate  river  val- 
ley, having  only  inconsiderable  streams  flowing  from  the  drift  clay 
surface.  The  Otter  Tail,  on  the  other  hand,  rises  in  the  Leaf  Hills, 
and  flows  for  several  miles,  and  nearly  its  whole  course,  over  the 
alkaline  drift  clay. 

These  alkaline  qualities  are  remarkably  affected  by  organic  im- 
purities. In  some  of  the  natural  waters  of  the  valley  this  effect  is 
noticeable,  particularly  in  those  which  are  sluggish.  Some  low 
grounds,  in  which  vegetation  grows  ranbly  some  portions  of  the 
season,  but  in  which  these  alkaline  waters  collect  and  stand  for 
some  weeks  or  months  during  the  early  part  of  the  following  se^ 
son,  are  offensive  with  sulphuretted  hydrogen,  while  the  waters 
themselves  are  foul  and  sickening.  Such  effects  are  due  to  the  re- 
action of  the  decaying  vegetable  growths  on  the  alkaline  salts  of 
the  water,  which  converts  the  sulphates  into  sulphurets,  which  in 
turn  are  changed  by  the  carbonic  acid  present,  with  the  separation 
of  free  sulphuretted  hydrogen,  and  the  formation  of  carbonates. 
The  small  streams  of  the  valley  are  also  apt  to  be  nearly  stagnant 
during  the  summer  season  while  they  choke  up  with  grass  and  oth- 
er vegetation,  and  become  heavily  charged  with  organic  matters. 
These  react  on  the  sulphates  and  materially  affect  the  mineral  con- 
dition of  the  waters,  and  their  usefulness  for  domestic  or  agricult- 
ural purposes,  They  generally  continue  to  be  used  for  watering 
places  for  stock,  and  are  sometimes  hauled  in  barrels  for  household . 
purposes.  If  these  reactions  are  perfectly  balanced  by  even  por- 
tions of  organic  matters  and  alkaline  minerals  the  soluble  sulphates 
in  the  water  may  be  wholly  converted  into  insoluble  carbonates, 
thus  mainly  freeing  the  water  both  of  organic  acids  and  of  the  usual 
mineral  ingredients.  But  this  is  usually  not  the  case.  In  the 
spring  months,  and  during  wet.  seasons,  the  alkaline  ingredients 
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overbalance  the  organic  acids;  but  during  the  summer  and  fall, 
when  the  springs  run  low,  and  the  developement  of  organic  sub- 
stances, and  their  decay,  are  most  active,  the  organic  impurities  are 
in  excess  of  the  alkaline,  and  the  waters  show  their  woi-st  condition 
— which  ia  prolonged  by  the  flatness  of  the  surface,  and  the  conse- 
quent slowness  of  natural  drainage. 

The  waters  of  the  valley  generally  do  not  have  an  offensive  odor. 
It  is  only  in  stagnant  and  confined  water  these  effects  are  noticear- 
ble.  The  chemical  interaction  is  so  slow  that  the  resulting  gas  es- 
capes unobaerved,,  and  the  waters  are  slowly  purified  by  the  change. 
Suspended  organic  matter  is  also  rapidly  oxydized  by  contact  with 
the  atmosphere. 

The  following  report  of  Prof.  Peckham  to  Dr.  C.  N,  Hewitt, 
shows  more  fully  the  chemical  peculiarities  of  the  waters  of  the  val- 
ley &om  di^rent  localities  : 

Dr.  C.  X.  Heicitt: 

My  Dear  Sm — I  have  the  pleasure  of  rabmitting  tiie  following  report  of  the 
ezamination  that  I  have  just  concluded  of  the  specimena  of  water  collected  ou 
our  trip  through  the  R«d  KJTer  Valley.  They  were  g;athered  from  the  following 
named  localities: 

No.    1.  The  flowing  well  at  Tinlah,  St.  P.  &  P.  R.  B. 

No.    2.  St.  Gahrielle  Spring*,  neaf  Campbell,  St.  F.  &  F.  R.  K. 

No.   3.  WeU  at  CampbeU  Station,  St.  F.  ft.  P.  R.  R. 

No.    4.  Otter  Tail  River,  at  Breckenridge,  St.  P.  &  P,  R.  R. 

No.   5.  Bois  des  Sioux,  at  Breckenridge,  St.  P.  k  F.  R.  R. 

No.   6.  WeU  at  Connelley's,  on  river,  four  mileo  nortliweet  of  Breckenridge. 

Ko.   7.  Wild  Rice  River,  west  of  Fort  Aberorombie. 

No.    8.  WeU  at  Nolan's  Hotel,  McCanleyville. 

No.   9.  Well  at  Brewery,  Moorhead  (Artesian). 

No.  10.  WeU  at  Bramble  House,  Mooriiead  (etafux). 

No.  11.  WeU  at  Glyndon,  good— in  geuenl  use. 

■    No.  12.  Weil  at  Glyndon,  bad,  McLenan's. 

No.  13.  Town  Well  at  Breckenridge. 

They  were  selected  for  the  foUowing  reasons : 

No.  I  was  from  a.  well  that  was  dug  only  a  few  feet  into  the  level  pmirie, 
which  fOmiahea  a  stream  of  water  conatantly  flowing  over  its  brink.      The  water 
of  this  well  is  considered  of  fair  quality,  and  is  used  at  several  of  the  stations    - 
on  the  St.  P.  &  P.  R.  R.  in  that  vicinity.    It  was  therefbre  thought  best  to  ex- 
amine it. 

No.  2  is  from  St.  GabrieUe  Springs  about  2%  miles  from  Campbell  Station  on 
the  St.  P.  &  P.  R.  R.,  situated  on  the  banks  of  a  small  stream  caUed  Rabbit 
River.  These  springs  are  the  only  natural  outlet  for  water  in  that  part  of  the 
coontcy  so  &r  as  could  be  learned. 
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No,  3  from  the  well  at  Campbell  Station  waa  represented  as  being  very  bad, 
and  quite  unlike  either  Nos.  1  or  2.  Ak  this  veil  was  quite  deep  and  in  the  im- 
mediate neighborhood  of  1  and  2  it  wau  thouftht  desirable  to  know  in  what  re- 
spects they  diftered. 

No.  4  IS  considered  bj  the  inhabitante  to  be  the  best  water  in  the  upp«r  Red 
River  Valley,  end  with  No.  5  is  eit«nBi*el;  used  along  the  banks  of  the  two  riv- 
ets. Ax  these  two  waters  in  mingling  form  tie  Red  River,  it  was  thought  desir- 
able to  ascertain  their  quaht;  and  their  differences,  if  such  existed. 

No.  6  was  selected  because  there  was  reason  to  believe  that  it  was  the  river 
water  filtered  through  beds  of  gravel  which  formed  the  river  bottom  at  that 
point.  It  wa«  thought  desirable  to  know  if  such  filtraliDu  removed  mineral  mat- 
ter iirom  the  water. 

No.  7,  &om  a  tributary  of  the  Red  River  has  a  bod  reputation.  It  was  thought 
advisable  to  compare  this  water  with  that  of  the  Otter  Tail. 

No.  8  appeared  to  be  bad  from  excess  of  mineral  matter,  and  at  the  some  time 
it  was  different  &om  the  well  at  Breckenridge.  For  that  reason  it  was  thought 
beat  to  examine  it. 

No.  9  was  selected  as  representing  the  water  of  a  very  deep  wall,  and  No.  10 
aa  representdng  the  water  of  a  shallow  well  from  the  same  locality,  that  had  been 
recently  dug.    It  waa  thought  best  to  compare  them. 

Nos.  n  and  12  were  from  two  wells  very  neb  together  and  verjunlike,  one 
being  considered  very  good  and  the  otier  very  poor.  It  was  thought  best  to 
compare  these  and  eacertain  if  possible  why  the  water  in  the  bad  well  should 
have  become  sulphurous. 

No.  13  was  the  town  well  atBreckenridge.  When  selected  it  was  supposed 
to  represent  the  bad  well  water  of  that  locality.  It  was  probahlymuch  worse 
than  the  avera^. 

The  accompanying  table  gives  the  result*  of  the  examination  of  these  sped- 
mena.  In  eati mating  the  total  mineral  and  organic  constitueuta,  100  c.  c  were 
evaporated  over  a  water  bath  and  when  dry  the  reaidne  was  heated  to  ISO  deg . 
C.  in  an  air  bath.  It  waa  then  cooled  and  weighed,  and  the  amount  calculated 
as  "total  solid  residue."  This  residue  was  then  heated  over  a  Bunsen's  lamp 
and  the  organic  matter  homed  off.  The  residue  remaining  was  calculated  as  the 
mineral  matter  in  soluld<m  and  the  difference  as  volatile  and  organic  matter. 
This  difference  can  not  be  sofel;  computed  aa  organic  matter  excepting  in  those 
cases  when  the  mineral  -ingredient*  existed  chiefly  in  the  form  of  bi-caibonatea . 
Sulphates  in  some  instances  and  chlorides  in  nearly  all,  retain  water  at  130  deg. 
C  •  and  when  the  amount  of  such  salts  is  compaiativelf  large,  they  prevent  the 
complete  combustion  of  the  organic  matter  by  fusing  and  enclosing  particles  of 
carbon.  No.  13  may  be  noticed  aa  an  example  of  this  difficulty.  The  organic 
and  volatdle  matter  estimated  from  difference  is  91.412  of  which  only  22.298 
grains  is  actually  organic  matter. 

The  soap  teat  was  then  employed  to  determine  the  total  hardneas,  permanent 
hardness,  and  by  difference,  the  removable  hardness.  Alsathe  sulphuric  acid, 
]ime  and  magnesium-  This  test  gave  satisfactory  results  on  all  of  the  specimens 
but  one.  In  No.  11  the  permanent  hardness  was  greater  than  Uie  total  hard- 
ness; thatis,  the  waterwasharderailer  boilingthan  it  waa  before.  The  teats 
were  repeated  until  no  doubt  could  be  entertained  of  the  fact .  I  cannot  eiqilain 
this  anomalous  result.  For  SO3  the  soap  test  appears  to  give  very  satisfiactory 
reeulte,  but  for  lime  and  magnesia  the  process  aa  daocribed  are  hi^y  empirical 
and  give  remilta  of  but  little  or  no  value  except  when  applied  to  water  containing 
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those  basea  as  carbonates,  and  wliich  at  the  aiuue  time  U  free  from  alkaline  anl- 
phat«3  and  chlorides.  Waters  containing  the  laet  named  salts  are  rendered 
harder  by  them-  If  then  the  t«tal  hardness  is  used  as  a  basis  for  the  estimation 
of  the  lime,  it  is  obvious  on  a  moment's  reflection,  that  if,  as  adrised  by  Parke, 
the  total  hardness  m  tenths  of  a  cubic  centimeter  be  divided  b;  four  and  a  drop  of 
anunoniura  oxalate  solution  added  for  every  ibur  degjees  of  hardness  in  acarlranated 
water,  the  same  nde  appUed  to  a  water  containing  alkaline  chlorides  or  sul- 
phates would  cause  an  addition  of  anexcess  of  the  predpitaut  which  adds 
to  the  hardness.  For  this  reason  I  found  it  impossible  to  estimate  the  lime 
by  the  soap  solution  in  Nos.  7,  9,  11  and  12.  1  have  but  little  confidence 
in  the  results  given  for  the  other  numbers.  The  magnesia  was  still  worse 
for  the  entire  hardness  produced  by  alkaline  chlorides  or  sulphates  is  in- 
cluded in  the  magnesia  h;  Parke's  method,  as  neither  chlorine  or  sulphuric 
acid  in  combination  with  the  alkalies  ia  precipitated  either  by  boiling  or  by 
ammonium  oialate.  I  have  therefore  omitted  the  estimates  of  magnesia  in 
all  cases  as  in  those  in  which  the  determination  was  made.  I  had  no  reawn  to 
believe  the  figures  reliable.  The  chlorine  was  estimated  by  a  standard  solution 
of  silver  nitmte,  verified  m  No-  13  by  precipitation  and  weighing;  in  which  caae 
the  results  corresponded  to  one  one-hundredtb  of  a  grain . 

We  have  reliable  data  therefore  for  comparing  the  waters  in  reference  to  the 
amount  of  mineral  matter  in  solution,  the  total  and  permanent  hardness,  the 
salphuiic  acid  and  the  chlorine. 

A  comparison  of  the  diiterent  specimens  shows  a  range  of  amounts  of  mineral 
matter  in  solution  varying  from  6.304  grains  to  390. 15S  graiuain  a  gallon. 

Numbers  13  and  8  are  properly  termed  mineral  wafers.  Numbers  1,  3,  3,  10, 
U  and  12  are  very  hard  well  and  spring  waten;  numbers  6,  7,  and  9  are  ordi- 
nary hard  waters,  while  numbers  4  and  5  -  ire  quite  pure  river  waters  when  we 
consider  that  they  flow  from  and  over  sedimentary  formations. 

Numbers  4  and  5  are  quite  free  from  sulphates  and  chlorides.  It  will  be 
further  observed  in  reference  to  the  remainder  that  with  the  exception  of  number 
13  the  sulphates  are  not  extremely  large,  while  again  excepting  numt>er  13  the 
chlorides  are  very  large,  especially  in  numbers  7,  8,  10,  n  and  12.  These  re- 
sults are  unexpected,  and  I  am  especially  surprised  to  obtain  nnmistakable  evi- 
dence that  the  water  of  the  Bois  des  Sioux  river  is  purer  than  that  of  the  Ottet 
Tail — in  fact  is  the  purest  water  in  the  vaUey-  A  remarkable  difference  is  also 
observed  between  the  water  of  these  rivers  and  that  of  the  well  at  Conelleya. 
The  mineral  matt«r  has  increased  about  four  fold,  the  chlorine  seven  fold,  and 
the  sulphuric  acid  three  fold.  These  facts  imply  that  the  weU  water  cannot  be 
simply  the  river  water,  filtered  through  the  gravel  of  the  river  bank. 

So  fer  aa  these  results  bear  upon  the  subject  of  our  inquiry  they  show  that  the 
waters  of  the  Reil  River  Viilley  do  not  contain  large  amounts  of  sulphuric  add, 
but  that  they  are  heavily  charged  with  chlorides,  probably  largely  combined  with 
lime  and  magnesia.  As  a  consequence  they  produce  very  hygroscopic  residues 
when  evaporated,  and  the  accurate  determination  ot  the  total  solid  residue  or 
mineral  constituents  becomfc"  extremely  difficultif  not  impossible.  An  examina- 
tion of  the  table  shows  that  in  every  specimen  in  which  the  chlorine  is  large  the 
organic  and  volatile  matter  is  also  targe  -  This  is  not  on  account  of  an  escess  of 
organic  matter  but  because  the  latter  item  m  e»'tiniated  by  loss,  and  the  loss  con- 
sists of  wat«r  retained  at  I-Xi  deg ,  C  - ,  and  also  of  a  part  of  the  chlorine  from  the 
decomposed  magnesium  chloride. 
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I  cannot  venture  an  opinion  based  upon  these  results,  as  to  the  caose  of 
the  water  of  many  welk  becoming  fcetid  on  etanding-,  or  when  the  well  18  need 
but  little  or  not  at  all.  Number  11,  is  a  colorless,  odorless  water,  used  by  the 
entire  population  of  Gljndon-  Numbei  12.  is  &}ni  a  well  but  a  few  rode  distant 
from  No.  11 .  It  ia  of  a  yellowish  color,  contains  a  black  sediment,  and  ie  heavily 
charged  with  sulphuretted  hydrogen  gas.  E lamination  has  thus  fer  proved 
them  to  be  of  the  same  general  character,  with  no  difference  in  any  respect  that 
can  be  regarded  as  important-  If  the  solutjon  of  this  question  is  deemed  desir- 
able, I  should  recommend  the  selection  of  a  number  of  typical  specimens  and 
their  complete  analysis,  for  organic,  as  well  as  mineral  constituents.  1  should 
also  advise  a  microscopic  examination  by  im  expert  if  possible  ■  1  would  recom- 
mend as  preliminary  to  the  selection  of  these  specimeuB,  a  further  exploration  of 
tie  valley,  and  an  euamination  by  the  soap  teat,  and  for  chlorine,  of  a  large 
number  of  waters,  particulaxly  those  from  springs,  and  if  possible  from  wells 
that  are  &ee  frx>m  exposure  to  filtration  of  surface  diainape,  and  filth  filtered 
from  sink  drain?,  bam  yards,  and  the  streets  of  towns. 

As  an  illustration  of  the  difEcultics  attending  the  drawing  of  any  conclusions 
from  the  resutta  thus  far  obtained.  Number  9  may  be  mentioned.  The  perma- 
nent hardness  is  less  than  in  any  other  specimen,  intUcating  an  absence  of  ma^ 
nesinm,  sulphate  and  cliloride.  There  was  no  calcium  and  magnesium  chloride 
in  the  residue.  Therefore,  no  water  was  retained  at  130  deg.  C.  The  9.147 
gnuns  of  organic  and  volatile  matter  is  doubtless  organic  matter,  and  is  a  com- 
paratively large  quantity.  The  source  of  this  organic  matter  it  is  impossible  to 
determine,  unless  its  character  be  ascertained .  The  water  smelted  as  if  contam- 
inated with  sewage  from  a  sink,  and  may  contain  the  soakage  trom  the  Brew- 
ery in  which  it  i?  situated,  or  the  organic  matter  may  be  derived  from  the  clay- 
The  bad  well  at  Glyndon  w  near  a  bam,  and  the  surface  around  it  was  covered 
with  kitchen  slops  when  the  specimen  wa^  obtained.  The  residue  irom  the 
water  had  a  decided  odor  of  urine.  The  question  whether  these  organic  con 
laminations  are  derived  from  the  subsoil  or  from  surface  infiltration,  becomes 
therefore  a  fundamental  consideration,  with  reference  to  the  prevention  of  cure 
of  the  undoubted  bad  qualities  of  most  of  the  water  examined.  The  amount  of 
calcium  bi-carbonate  is  not  large  in  these  speduiens  of  water,  while  ctdorides  are 
abundant.  It  would  not  therefore  be  advisable  to  recommend  the  use  of  Clark's 
lime  process. 

An  eiamination  showed  the  clay  to  contain  a  large  amount  of  organic  matter- 
No  other  result  could  have  been  expected.     RespectMl;  submitted, 

S.  F.  PECKHAM, 
Stat«  Chemist. 
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ANNUAL  EBPOET. 
Conclusions. 


The  foregoing  tLscertoiued  facts  will  wairant  th«  statement  of 
sundry  concluaions  which  may  be  given  briefly  as  follows:  They 
pertain  to  the  solution  of  the  question — whence  come  the  foul 
odors  of  the  wells  in  the  Red  River  region? 

I.  The  dnft  clay  affords  a  stronglj'  alkaline  water. 

3.     The  lacustrine  clay  aSbnU  a  slightly  or  non-alkaline  water. 

3.  There  is  genemlly  a  water- bearing  atratum  trf  aant],  or  of  gravel  and  eand, 
between  the  lacustrine  and  drift  clays,  which  affords  a  good  water  in  nearlj  all 

4.  The  drift  day  comes  largely  from  tlie  diamption  of  the  marine  CretacMiu 
days,  and  that  accounU  for  it«  greater  alkaline  qualities — while, 

5.  The  lacustrine  clay  is  a  deposit  of  superficial  fresh  waters. 

6.  There  ia  a  water-bearing  stratum  in  or  near  the  bottom  of  the  drift  clay 
which  is  under  considerable  hydrostatic  presriure,  and  water  from  it  rises  nearly 
or  quite  to  the  natural  surface. 

7.  Nearly  all  of  the  wells  in  the  Red  River  Valley  are  curbed  with  wood  of 
some  sort,  generally  pine. 

8.  This  wood  undergoes  rapid  changes  due  to  the  chemical  reactions  between 
organic  acids  and  alkaline  waters,  as  above  described  under  natuisl  drcumstao- 
ces. 

9.  This  source  of  foul  odors  is  abundantly  sufficient  to  account  for  all  the  phe- 
nomena. 

10.  The  organic  matters  cannot  come  from  the  lacustrine  clay,  because  the 
odois  are  e<iuaJly  prevalent  all  over  the  western  part  of  the  state  where  no  lacus- 
trine clay  is  found. 

II.  These  oi^anic  nuttters  cannot  come  from  the  drift  clay,  because  the;  are 
found  in  wells  that  do  not  enter  the  drift  clay. 

12.  .\jiy  organic  matter  in  either  of  these  clays  would  have  long  since  passed 
through  the  stage  of  decomposition  necessair  for  the  production  of  such  gases,  and 
entered  into  a  carbonaceous  and  fiied  condition. 

VS.  The  assumed  cause  of  these  odors,  whatever  it  be,  must  be  one  that  is  co- 
extensive with  the  effects — hence, 

14.  They  cannot  come  trom  sur&ce  indrainage,  since  they  occur  in  wells  where 
that  is  impossible. 

15.  They  cannot  come  from  Rewerage  or  other  artificial  underground  sources, 
becausethey  occur  generally  in  wells  where  such  contaiaiaation  is  imposnilile. 

16.  This  fermentation  of  the  sap  and  pilch  of  the  pine  sometimes  has  the 
effect  of  givinR  the  less  alkaline  waters  of  the  valley,  in  its  incipient  sta^re,  a 
taste  as  of  kerosene,  and  the  appearance  of  small  globules  and  tilms  of  oily 
consistency  and  spacilic  gravity  floating  on  the  surface, 

17.  The  effect  of  this  change  may  be  obviated,  or  mitiirated,  by  copious  use 
of  the  wells;  and  it  may  Ite  wholly  avoide<l  by  using  earthen  or  iron  pipes,  and 
discarding  the  wooden  curbini;. 

18.  Shallow,  open  wells,  du^  in  tlie  Eudaceof  the  prairie  iind  having  alkaline 
water,  may  become  offensive  in  Ihe  summer,  thoiigli  without  ciirl>m«r,  by  the 
decay  of  fine  organic  particles  blown  into  them,  or  waslied  into  tbcm,  from  the 
rank  vegetation  of  the  prairie  turf. 


byGoo'^lc 


STATK   QBOLOGIST.  41 

In  the  progress  of  tliis  investigation  the  writer  became  impressed 
with  the  sufficiency  of  pine  wood  to  produce  such  odors,  by  a  simple 
test  experiment;  viz: 

Two  quart  glass  jars  were  filled  with  good  well-water,  not  alka- 
line, taken  JTom  the  same  well.  Into  one  was  putaquantity  of  pine 
chips,  but  into  the  other  nothing  was  placed.  Thej  were  exposed 
to  the  atmosphere  of  the  same  room,  the  glass  stoppers  being  in- 
verted and  loosely  placed  over  the  wide  moutha.  While  the  jar  with 
nothing  but  clean  water  remained  clear  and  Inodorous  during  the 
continuance  of  the  trial,  and  indefinitely  thereafter,  the  other  went 
tlirough  the  changes  indicated  by  the  following. 

Records. 

Dec.  4.  PliKC  a.  quantity  of  aeosoued  pine  sticks  in  a  wide- mouthed  grlass  Jar 
in  common  well  water.  The  jar  stands  on  a  table  in  a  warmed  room,  loosely 
covered  by  the  inverted  glass  stopper.    The  sticks  all  float. 

Dec.  5.  A  portion  of  the  sticks  have  sunk  to  Uie  bottom  of  the  jer,  and  amall 
bubtiles  of  some  gas  adhere  to  some  of  them. 

Dec.  6.  Nearly  one  half  of  the  stdcks  have  settled  to  the  bottom.  The  jar 
when  uncovered  stueUs  strongly  of  fresh  pine.    Gas  bubbles  are  more  numerous. 

Dec.  7,    There  is  no  noteworthy  change. 

Dec.  8.    There  is  no  noteworthy  change,  except  perhaps  a  stronger  pine  odor. 

Dec.  9.    The  pine  smell  is  very  strong,  and  less  firesh. 

Dec.  14.    A  Qiin  scum  floats  on  the  sur&ce.    There  is  an  odor  of  sooiuess. 

Dec.  19.    The  floating  scum  begins  to  settle,  some  of  it  swimming  in  the 

Dec.  21.  The  scum  on  t^e  surt^  adheres  to  the  glass,  and  looks  gummy. 
The  odor  is  leas  sour,  and  somewhat  otfensive. 

Dec.  35.  The  odor  is  offensive,  and  there  is  a  gelatinous  gum  adherent  on  the 
glass,  and  along  the  water  level. 

Dec.  28.    The  odor  is  strongly  offensive. 

Dec  31.  The  odor  is  very  ofi'ensive  and  fonl,  as  6om  organic  decay.  There 
ie  a  white,  gelatinous  or  gummy  ecum,  aa  of  fungoid  growth,  adherent  on  the 
glass  about  tJie  water  level,  and  floating  in  flocks  on  the  siirlace.  It  sometimes 
appears,  especially  on  disturbance  of  the  jar.  in  globular  masses  of  }£  to  J^  inch 
in  diameter. 

Jan.  1.  ThemicroBcopereveaUgreatnumberaoforguiic  germs,  which  are  oval 
in  shape  and  appear  to  be  of  the  Ciliata. 

Jan.  10.  A  jelly-like  fiingas,  about  a  quarter  of  an  inch  thick,  floats  aboutin 
tiie  water  and  on  the  sur&ce .    The  odor  is  very  ofi'ensive. 

May  1.  There  18  a  swimming  fungus  which  tends  to  settle  to  the  bottom  of  the 
jar.  The  water  is  slightly  turbid,  and  yellowiih-red.  It  has  a  musty  smell,  and 
also  IS  plainly  acidulated.  The  microscopic  animals  are  equally  abundant,  and 
of  various  forms. 

In  the  presence  of  such  a  source  of  organic  decay  and  contamina- 
tion found  in  nearly  every  well  in  the  whole  region,  it  is  evidently 
unnecessary,  and  even  absurd,  to  search  for  any  other. 
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These  considerationB  bring  ap  the  whole  qaestion  of  the  preval- 
ence of  typhoid  fever  ss  an  endemic  disease  in  western  Minneaota 
and  Iowa,  but  it  is  not  germane  to  this  report  to  enter  on  its  dis- 
cussion. Nothing  more  can  be  done  here  than  to  call  the  atten- 
tion of  those  interested  in  the  sanitary  condition  of  the  state  to 
these  facts,  and  to  suggest  that  possibly  the  climate  has  less  to  do 
vrith  BQch  diseases  than  has  been  imagined,  and  that  probably  their 
causes  lie  nearer,  and  within  the  tjrasp  of  ordinary  preventive  mea»- 
ures.  The  effect  of  the  water  is  not  always  an  immediate  typhoid 
fever,  but  an  aggravated  diarrhoea,  and  then  dysentery,  which  lead 
finally  to  typhoid  fever.  This  is  the  testimony  of  Dr.  J.  C.  Rosser, 
of  Brainerd,  and  also  the  experience  and  observation  of  many  oth- 
ers. Sometimes  the  fever  assumes  a  local  name.  At  Btsmark  it  ia 
known  as  the  "  Montana  fever."  In  Moorhead  it  is  known  as  the 
""Red  river  fever,"  but  they  seem  to  be  all  essentially  typhoid  fever. 
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III.. 

RECONNOISANCES. 


1.  Info  Wright  County. 

InformatioQ  having  been  received  from  Hon.  William  Pfiender  of 
the  existence  of  aome  evidences  of  coal  in  Wright  county,  an  exam- 
ination was  made  of  the  designated  localitiea.  On  Sec.  33  T.  119 
N.,  R.  25  W.,  laad  of  John  Marth  and  Fred  Wanderzee,  along  the 
north  branch  of  Crow  river,  pieces  of  Cretaceous  lignite  have  been 
found  in  considerable  quantities;  also,  along  a  creek.  Sec.  25  T,  119  N., 
R.  26  W.,  on  land  of  Joseph  Plant,  These  are  all  float  pieces,  exactly 
similar  to  what  have  been  found  in  numerous  other  places,  though 
perhaps  more  abundant.  An  examination  was  made  in  company 
with  Mr.  John  Marth,  of  Delano.  The  hanks  of  the  streams  are 
composed  entirely  of  drift,  and  largely  of  blue  hardpan.  The  lig- 
nite was  seen  in  the  bed  of  the  creek,  having  been  mo^  observed  at 
or  near  fording  places,  where  it  was  most  likely  to  be  brought  to 
the  surface  and  seen  by  passing  travelers.  At  no  point  could  any 
Cretaceous  beds  be  seen  in  situ.  Along  the  stream  are  numerous 
pieces  of  slate,  or  fissile  shale,  likewise  derived  from  the  Cretaceous, 
though  here  immediately  from  the  hardpan  drift.  It  is  possible  that 
Cretaceous  beds  would  be  struck  below  the  drift,  in  sinking  a  shaft. 

2.  In  Rice  Connty. 

In  company  with  Prof.  L.  B.  Sperry,  a  number  of  localities  of  rock- 
outcrop  were  visited  in  Rice  connty,  for  the  purpose  of  determining 
the  mun  characters  and  the  continuity  of  the  Trenton  and  Sh^o- 
pee.  The  details  of  the  geology  of  this  county  are  given  in  the  re- 
port of  Prof.  Sperry,  and  it  would  be  simply  repetition  to  give  them 
here.  The  most  interesting  observation  made,  was  the  discovery  of 
a  carbonaceous  layer  in  the  Lower  Trenton,  exposed  along  Prairie 
creek,  which  without  previous  drying  will  ignite  frvm  a  common 
match,  and  bum  with  a  flame. 
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3.  In  Good/me  Counly. 

Tlie  esfiininations  made  in  Goodhue  county  were  in  company 
with  Hon.  H.  B.  Wilson  and  Dr.  W.  W.  Sweny.  and  consist«d  of  a 
visit  to  the  quarries  at  Wimamingo,  Zumbrota  and  Red  Wing,  and 
the  collection  of  two  boxes  of  specimens. 

The  eastern  part  of  the  county  is  rolling,  with  frequent  rock  ex- 
posure in  the  brows  of  the  hills,  but  the  chief  covering  of  the  rocks 
is  the  loose  loam  with  a  thickness  of  50  to  75  feet,  sufficient  to  make 
the  ascents  generally  tillable,  while  in  the  western  portion  the  drift 
prevails  so  as  not  only  to  fill  up  the  old  rock-canons,  but  to  convert 
the  surface  into  an  undulating  prairie.  The  drift  gradually  thins 
out  eastward  under  the  loam.  It  seenLs  to  have  suffered  extensive 
denudation  by  aqueous  forces,  so  that  what  is  left  of  it  visible  un- 
der the  loam  is  coarse  and  gravely  or  stony.  A  very  large  boulder 
of  red  or  flesh-colored  granite  projects  above  the  surface  of  the  loam 
on  N.  W.  i  of  section  29,  in  Belle  Creek,  It  lies  on  high  land,and 
is  conspicuous  from  a  distance.  It  rises  about  nine  feet  above  the 
groimd,  and  has  a  circumference  of  26  paces.  It  belongs,  of  course, 
to  the  old  drift  epoch,  and  not  to  the  lost,  as  it  is  embraced  in  and 
partly  covered  by  the  loam,  the  loam  not  having  covered  generally 
the  newer  drift  in  that  part  of  the  state.  It  is  evident  that  the  de- 
nudation to  which  the  old  drift-surface  was  subjected,  produced  the 
material  for  flne  clays  which  gathered  in  quiet  spots,  since  under  tlie 
loam,  in  old  canon-valleys,  and  also  in  some  places  less  protected, 
there  are  extansive  laminated  clays.  The  Red  Wing  pottery-clay 
comes  from  below  the  loam,  on  Sec.  3,  troodhue,  Goodhue  county, 
and  has  a  light  gray,  bluish  color.  The  whole  excavation  was  un- 
fortunately covered  by  water,  and  nothing  could  be  learned  of  the 
relation  it  bears  to  the  drift  or  the  loam.  The  Terra  Gotta  clay,  of 
Red  Wing,  is  the  blue  interior  of  the  terrace  that  accompanies  Hay 
Creek.  It  is  in  horizontal  laminations,  and  upwardly  passes  grad- 
ually into  the  loam.  Between  the  two  drift  periods  it  seems  that 
the  country  had  a  forest  covering,  since  in  Goodhue  county,  no  less 
than  in  Fillmore  and  Olmsted,  there  are  abundant  remains  of  tim- 
ber and  of  the  old  soils.  On  Sec.  2,  Wanamingo,  on  the  high  prai- 
rie, land  of  Wm.  Boulett,  a  log  of  what  appeared  to  be  hemlock,  or 
coarse  pine,  was  found  in  digging  a  well,  at  the  depth  of  26  feet  be- 
low the  surface.  This  was  embraced  in  a  "  bluish-blackish  "  clay, 
apparently  a  soil,  and  was  five  or  six  inches  in  diameter.  It  was 
covered  with  a  hard,  gravely,  yellowish  clay  and  by  the  loam  that 
covers  that  ^art  of  the  county.  Also  on  See.  5,  Belvidere,  land  of 
John  Holtz,  in  the  valley  of  the  creek,  was  found  wood  twenty  feet 
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under  the  surface,  in  the  gravely  blue  clay,  or  under  it.  On  Sec. 
24,  Chester,  Wabasha  county,  a  log  a  foot  in  diameter  was  found  in 
digging  a  well,  upon  the  high  prairie,  said  to  be  about  twenty  feet 
below  the  surface.  This  log  was  well  preserved  and  could  be  chop- 
ped.   It  lay  on  the  grouad  near  the  well  for  some  years. 

At  Wanamingo  the  Lower  Trenton  is  quarried  in  a  low  bench 
along  the  Zumbro.  This  bench  rises  higher  and  h^her  above  the 
Zumbro  in  descending  the  stream,  andfinally  the  St.  Peter  sandrock 
appears,  and  then  the  Shakopee  limestone,  which,  at  Zumbrota. 
supports  the  south  end  of  the  bridge  over  the  river,  rising  about  25 
feet  above  low  water.  The  stone  for  the  abutments  and  foundation 
for  the  Forest  Mills  was  taken  out  of  this  rock  near  the  milb;  but 
the  stone  for  the  bridge  at  Zumbrota  came  Irom  the  Trenton  in 
higher  iBud  near  Zumbrota.  The  Forest  Mills  are  about  two  miles 
below  Zumbrota.  The  Shakopee  here  causes  a  terrace-fiat  on  which 
is  situated  Zumbrota  village,  but  there  is  a  covering  of  drift-gravel 
and  loam. 

A  few  aneroids  were  taken  at  Red  Wing,  and  a  general  section 
was  obtained  of  Bam  Bluff.  The  top  of  the  bluff  is  covered  with 
loam,  which  also  hides  the  rocks  from  sight  down  a  sloping  descent 
of  about  70  feet.  If  this  be  regarded  as  containing  limestone  the 
thickness  of  the  lilhestond  will  amount  to  120  feet.  From  the  top 
of  this  there  may  have  been  destroyed  several  feet  of  limerock. 
The  general  section  then  consists  as  tbllows,  in  descending  order: 

1.  Slope  and  limerock 120  feet. 

2.  Sand  and  green-saud,  and  limerock 40  feet. 

8.  MftsKive  saad,  the  upper  portjon  being  white,  the  lower  por- 

tionyellow.    From  this  theglitat  saudia  taken 50  feet. 

4.  Sand  and  green-Band,  with  cement  of  lime  and  magne- 
no,  with  distinctly  aluminoiu  portiona.  To  the  flood 
plflia 80  feet. 

Bam  and  Soren  bluEb  dip  toward  the  east  a  few  degrees.  There 
are  extensive  quarries  in  these  blufis,  that  furnish  a  fine  building 
material.  The  stone  now  being  used  in  the  bridge  over  the  east 
channel  of  the  Mississippi  at  Minneapolis  is  &om  the  quarries  of 
Mr.  Carlson  in  these  hluSs. 

4.  On  the  Northern  Pacific  Bailroad. 

The  details  of  this  reconnoisance,  so  &r  as  they  relate  to  the 
water  supply  for  domestic  uses,  are  given  in  the  chapter  devoted  to 
Water-supply  of  the  Bed  river  VaUey.  The  only  rock  exposure 
along  the  Une  of  the  Northern  Pacific  R.  R.  after  leaving  the  neigh- 
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borhood  of  the  Junction  with  the  St.  Paul  and  Duluth  R.  R.,  within 
the  State,  occurs  in  the  vicinity  of  Motley.  Thia  is  a  range  of 
granite,  about  four  miles  north  of  the  station,  on  sections  21,  22', 
27  and  23,  extending  north  and  south.  It  widens  oat  toward  the 
north  before  disappearing  under  the  drift.  Its  extent  is  about  a  i 
mile  across  from  north  to  south.  The  country  round  about  for 
miles  is  nearly  level,  and  covered  with  Finns  Banksiana,  Lam. 
It  escaped  the  observation  of  the  land  surveyors  of  the  If .  P.  Com- 
pany, and  the  land  was  entered  and  described  as  having  "  no  atone." 
There  are  here  hills  and  ridges  that  rise  fifty  or  seventy  feet  above 
the  surrounding  country,  and  In  some  of  them  the  rock  is  bare.  It 
Cannot  be  said  with  certainty  that  this  rock  exists  in  all  these  hills 
and  ridges,  but  it  probably  does.  There  are  but  few  spots  where 
any  drift  boulders  can  be  seen,  the  country — even  these  hills — be- 
ing covered  with  sand  or  sandy  loam.  The  surface  of  the  rock  is 
old.  It  does  not  show  recent  glaciation,  the  appearance  it  presents 
being  rather  that  that  would  be  attributed  to  aqueous  forces.  The 
surface  is,  in  general  contour,  moutonne-ed,  but  not  so  markedly  as 
the  knobs  and  hills  of  Marquette  and  Duluth.  Since  thia  glaciation 
it  is  evident  that  water  has  covered  this  rock  for  a  long  period — 
water  probably  which  spread  the  fine  sand  over  so  wide  a  belt,  ex- 
tending almost  uninterruptedly  from  near  Thompson  to  thia  place. 
The  rock  rises  in  undulating  sheeps-backs,  and  in  the  intervals  is 
covered  with  sand  and  turf.  It  consists,  taken  all  together,  of  at 
least  three  difi'erent^qualities,  viz:  First,  a  gray  syenite  (?)  which 
has  a  greenish  mineral  like  serpentine  and  also  both  white  and  fiesh 
colored  pieces  of  feldspar,  rather  fine  grained.  Second,  n  dark,  dio- 
lytic,  trappean  rock  that  occurs  in  apparent,  wide  dykes  in  the 
granite.  This  varies  from  a  petrosilex,  (or  what  may  be  taken  pro- 
■  viaionally  for  that  rock)  to  a  real  dioryte.  Third,  a  serpentinona  gran- 
ite, i.  e,  a  granite  (with  white  feldspar)  that  contains  a  green  min- 
eral uudistinguishable  from  the  green  mineral  of  No.  1,  with  evi- 
dent lumps  of  mica.  These  three  kinds  may  not  be  the  only  varia^ 
tioQS  that  the  rock^vrill  on  quarrying  exhibit,  but  they  are  the  only 
noteworthy  ones  observed.  They  are  all  rather  fine-grained.  The 
green  mineral  of  No.  1,  is  sometimes  more  abundant  in  streaks  or 
reins,  even  two  inches  wide,  than  throughout  the  rock,  giving  the 
rock  a  striped  aspect,  often  two  or  three  thin  veins  coming  within 
a  foot.  This  rockjwas  discovered  and  purchased  of  the  N,  P.  R.  R, 
by  Mr.  C.  H.  Alsop,  who  is  beginning  to  open  it  for  sale.  Being  in 
the  midst  of  a  countryjdestitute  of  known  rock,  especially  of  gran- 
ite, this  locality  has  much  importance.  It  will  furnish  a  building 
material  of  the'most  durable  kind,  and  possessing  all  the  excellen- 
cies of  the  granite  of  St.  Cloud  or  Sauk  Rapids. 
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From  Brainerd  to  Motley  the  country  is  about  the  same  as  at 
Brainenl,!.  e.,asBndy  plain.  The  timber  consiats  largely  of  Bank's 
pine.  Wadena  and  Perham  are  on  prairie  openings.  At  the  latter 
place  the  subsoil  is  a  gravel-and-sand  to  the  depth  of  at  least  15  or 
20  feet,  as  revealed  by  wells  that  get  good  water  at  thai  depth. 
This  gravel-and-sand  is  like  that  on  which  Minneapolis  stands,  but 
is  not  overlain  by  so  distinct  a  loess  loam.  The  loam  here  is  only 
soil-deep,  and  also  contains  occasional  little  pebbles,  the  same  as. 
found  in  the  gravel  below,  showing  that  the  loam  is  only  a  soil 
formed  from  the  sand  and  gravel  of  the  subsoil.  This  subsoil  of 
gravel-and-sand  continues  westwardly,  through  and  beyond  the  prai- 
rie on  which  Perham  stands,  and  into  a  sparsely  timbered  and  un- 
dulating country,  even  beyond  Frazzee  City,  It  is  noticeably  free 
from  boulders,  and  consists  only  of  gravel  and  sand.  On  approach- 
ing the  Leaf  Hills  the  gravel  and  sand  becomes  gradually  coarser, 
with  occasional  stones,  the  general  surface  also  becoming  more 
broken.  Further  on  the  gray  hard-pan,  very  stony,  comes  in,  at 
first  gradually  as  if  the  gravel  and  sand  were  horizontally  merged 
into  it  by  the  accession  of  clay  and  larger  stones,  but  finally  so  as 
to  compWse  the  mass  of  drift,  as  seen  in  the  cuts  by  the  grade  of  the 
road.  The  hills  are  composed  of  this  hardpan.  At  Detroit  the 
surface  is  undulating  and  somewhat  rolling,  but  mostly  a  prairie, 
being  fairly  on  the  west  side  of  the  Leaf  Hills.  There  is  a  little 
timber  west  of  Detroit,  but  the  prairie  sets  in  within  a  couple  of 
miles,  and  continues  to  Moorbead.  The  subsoil  at  Detroit  is  the 
same  as  at  Perham,  a  gravel  and  sand,  the  sarface*soil  being  a  loam, 
derived  locally  from  the  subsoil  by  disintegration  and  the  action  of 
vegetation.  The  roads  are  always  dry;  the  wells  go  into  gravel  for 
water  at  the  depth  of  25  or  30  feet,  the  supply  being  good — ^limy  or 
chalybeate — and  copious. 

Above  Brainerd  about  five  miles,  are  the  French  Rapids,  in  the 
Mississippi  river.  Their  immediate  cause  is  a  quantity  of  drift 
boulders,  which  lie  mostly  along  the  left  shore,  though  they  are  also 
of  course  throughout  the  bed  of  the  channel;  but  their  original 
cause  is  probably  the  nearer  approach  of  the  bed-rock  toward  the 
aurfnce  of  the  drift.  A  short  distance  above  these  rapids,  on  the  left 
bank  is  a  high  drift  bluff  composed  largely  of  clay,  but  containing 
numerous  stones  and  boulders.  Below  the  rapida  the  river  runs 
along  the  left  side  of  an  alluvial,  timbered  island.  The  fall  in  the 
lapids  is  about  three  feet.  No  bed-rock  can  be  seen.  There  are 
a  few  boulders  also  along  the  right  bank  just  above  the  head  of  the 
rapids.  The  bottoms  are  covered  with  deciduous  trees,  but  the  up- 
land mainly  with  Banks'  pine,  with  some  white  and  Korway  pine. 
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East  of  Bmnerd  the  country  is  mainly  one  of  plains,  wliich  are 
superficially  sandy,  but  they  must  be  closely  underlain  by  a  clay 
deposit,  since  they  often  become  wet,  when  large  awamps  are  caused 
by  the  contained  water.  There  are  also  numerous  ridges  of  hard- 
pan-clay  soil  and  subsoilj  in  which  a  different  outward  appearance 
is  Tery  marked.  The  trees  become  larger,  and  consist  of  a  greater 
proportion  of  deciduous  species,  while  the  Banks'  pine  entirely  or 
almost  wholly  disappears,  and  the  Norway  and  white  pines  preTail. 
Toward  the  Junction  the  hardpan  clay  comes  in  in  iull  force  and 
continues  to  Duluth,  except  when  overlain  by  the  red  laminated 
lacustrine  clay  of  Lake  Superior. 

At  the  Northern  Pacific  Junction,  prominent  and  bare  ridges  of 
slate,  four  to  six  in  number,  rise  about  25  to  10  feet.  They  run 
nearly  E.  &  W.,  or  by  compass  north  80  degrees  east,  varying  to 
north  75  degrees  east  The  slaty  cleavage  runs  nearly  parallel  with 
the  direction  of  the  ridges,  or  north  85  degrees  east.  In  approach- 
ing from  the  west,  along  the  N.  P.  B.  E.  this  alate  becomes  percep- 
tible a  short  distance  before  reaching  Komoko;  and,  by  the  topo- 
graphy and  changed  drift,  rock  is  evinced  for  several  miles  even  be- 
fore reaching  that  place.  These  ridges  run  through  Komoko  and 
the  N.  P.  Junction,  and  at  least  to  Thompson,  where  they  have 
been  wrought,  the  slate  quarries  being  about  two  miles  from  the 
railroad  in  Sec.  29,  T.  49  N.,  R.  16  W.  They  are  not  continuous, 
nor  uniform  in  height  nor  in  length.  They  rise,  and  sink  again 
below  the  surface,  with  an  irregular  alternation.  Sometimes  a  sec- 
tion across  the  range  would  show  only  three  or  four  series  and  some- 
times there  might  be  six.  Often  the  intervals  in  one  series  are  op- 
posite the  ridges  in  the  adjoining  one.  The  rock  itself  varies  from 
an  argillyte  suitable  for  roofing,  to  a  very  dark,  or  gray  quartzyte 
that  shows  less  slaty  cleavage,  yet  must  probably  be  taken  as  a  part 
of  the  same  slate  group.  The  rock  of  this  latter  kind  seems  to  be 
found  in  some  of  the  ridges  exclusively,  while  the  argillyte  prevailfl 
in  others.  Outwardly  they  have  about  the  same  appearance,  as 
they  lie  in  long  parallel,  nndulating  ridges,  and  perhaps  they  should 
not  be  so  prominently  distinguished  as  thu  description  implies. 
These  ridges  are  moutone-ed,  hut  there  are  no  scratches  or  other 
marks  showing  the  direction  of  any  glacial  action.  They  have  three 
systems  of  jointt^e  planes  crossing  each  other  at  various  angles,  so 
that  the  rock  itself  is  cut  into  large  angular  blocks  to  great  depths, 
which  not  only  facilitates  the  quarrying  of  the  slate,  but  the  natur- 
al disintegration  of  the  ridges  by  frost.  The  adjoined  sketch  shows 
ft  ground  plat  of  one  of  the  ridges,  with  the  different  systems  of 
joints; 
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Ground  plat  of  &  alata  ridge  at  Junction. 
Explanation  nf  Figure  2. 

1. 1.    Slat?  cleavage,  nearly  perpendicular,  roos  north,  85°  east. 

2.  2.  Jointa  that  cut  the  slat;  cleavage  at  right  angles,  but  slope  west  at  an 
an^e  of  about  ten  degrees  from  a  perpendicular.  They  are  Bometames  so  numerous 
aa  to  number  four  or  five  in  t^e  interval  of  a  foot. 

3.  3-  Jointa  (or  bedding)  which  run  paraUel  with  the  ridges,  but  slope  soaUi 
at  an  angle  of  about  45°  with  the  horizon.  The  Bonthem  slopes  of  the  ridges  are 
formed  by  the  splitting  off  of  the  layers,  while  the  northern  slopes  are  apparently 
caused  by  the  breaking  off,  by  an  irregular  and  shifting  fracture  of  the  tame 
layeis,  and  have  an  angle  about  the  same  as  the  Bouthem  slopes,  but  id  the  opposite 
direction. 

4.  4.  Less  distinct  oblique  joints  that  do  not  seem  to  be  ae  numerous  as  the . 
foregoing,  but  which,  on  the  quarrying  of  the  rock,  are  seen  to  penebate  to  as 
great  depth.  These  aid  in  causing  the  superficial  parting  of  the  rock  into 
rhomboidal  and  angular  masses.  They  slope  N.  W.  at  an  angle  of  about  25° 
bom  a  perpendicular. 

The  horizontal  extent  east  and  vrest  is  about  six  rode. 

Figure  3  ie  a  perpendicular  section  running  north  and  south  across 
these  ridges,  showing  the  direction  of  the  slaty  cleavage  and  of 
joints  3. 8.  of  Fig.  2. 

This  slate  appears  to  be  the  same  as  seen  at  Little  Falls,  on  the 
Mississippi  below  Brainerd,  but  it  here  shows  none  of  the  concre- 
tionary homblend,  or  dioryte  rock,  and,  taken  all  together,  is  some- 
what finer  grained,  not  showing  an  evidently  micaceous  composition. 


e  tbe  slate  ranges  at  Junction. 
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THE  GEOLOGY  OF  MORRISON  COUNTY. 


This  reconnoissonce  was  made  in  company  with  Mr.  N.  Herrick, 
of  Minneapolis.  The  first  observations  were  made  at  Pike  Rapids, 
which  are  at  the  mouth  of  Swan  river,  but  are  in  the  Miaaiaaippi. 
They  are  so  named  from  Lieut.  Z.  M.  Pike  who  built  a  stockade  and 
wintered  with  his  men  here  in  1805-6.  The;  are  caused  by  a  mica 
schist  rock  which  rises  in  some  spota  about  six  feet  above  the  water 
at  low  stage,  but  lies  mainly  in  the  river  channel.  The  only  out- 
crop on  the  shore  seen  being  in  the  left  bank.  The  schist  is  filled 
with  small  crystals  of  garnet  and  coarse  crystals  of  staurolite.  Be- 
sides these  clumps  of  schist  rock  rising  in  the  channel  of  the  river, 
there  is  an  abundance  of  boulders  of  all  kinds,  both  in  the  river  and 
on  the  shore,  the  banks  rising  about  30  feet  and  consisting  of  coarse 
material.  The  rock  itself  seems  to  dip,  at  least  it  has  a  laminated 
structure  which  dips,  toward  the  northwest  at  an  angle  of  about  iS 
deg. 

At  Little  Falls  the  rock  that  occurs  in  the  river  is  a  roofing  slate 
similar  to  that  at  Thomson,  but  varies  from  a  mica  schist  to  an 
ai^lyte,  with  some  veins  of  white  opaque  quartz.  The  rock  in 
some  places  also  varies  to  a  massive,  compact  hard  rock  with  sharp 
jointage  angles,  whch,  when  broken,  haa  nearly  the  color  and  texture 
of  the  staurolite  crystals,  if  fractured,  found  in  the  rock  at  Pike 
Rapids,  but  seems  to  be  more  nearly  a  dark  quartzyte.  Besides 
these  variations  there  are  nearly  continuous  layers  of  more  or  leas 
lenticular  and  concretionary  lumps  or  nodules,  sometimes  six  <x 
eight  inches  thick,  of  a  rock  very  firm  and  dark-colored,  but  whicfa. 
on  weathering  becomes  superficially  lighter-colored  and  shows 
needles  and  span  gles  of  dark^:reen  amphibole.  The  matrix  in  which, 
these  crystals  lie  is  not  well  characterized,  but  is  quartzytic  and 
perhaps  also  feldapathic,  but  la  dark-colored,  so  that  on  a  iadk. 
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fracture  the  amphibole  crystals  are  hardly  obaervable.  They  appear 
on  the  weathering  of  the  rock.  By  far  the  greater  part  of  the 
whole  is  a  micaceous  argillyte,  with  slaty  cleavage  nearly  perpendic- 
ular, or  sloping  a  ve^y  little  toward  the  N,  W,  (N,  18  deg.  W.),  the 
strike  being  K.  18  deg.  E.  There  is  «lso  a  system  of  joints  that 
gives  the  rock,  viewed  across  the  river,  the  appearance  of  being  con- 
spicuously stratified,  with  a  dip  up  the  river  of  about  45  deg.  &om 
the  horizon.  The  slatiness,  which  is  nearly  perpendicular,  is  some- 
what injured,  at  least  superficially,  by  the  frequency  of  joints,  of  which 
there  are  at  least  two  systems  intersecting  each  other  at  a  small 
angle,  thus  cutting  the  slates  into  rhomboidal  masses,  as  they  weather 
to  pieces.  The  following  diagram  (Figure  i)  is  designed  to  show  the 
relation  between  the  slates  and  the  three  systems  of  joints  mentioned. 
The  general  exposure  is  an  irregular  expanse  in  the  river  channel, 
and  bottom  land,  but  does  not  lise  in  ridges  or  knobs,  though 
the  occurrence  of  a  dyke  of  dark  trap,  and  the  massive  quartzytic 
rock,  seem  to  have  been  the  primary  cause  of  this  protrusion  upwf^d 
of  the  underlying  formation  which  is  generally  more  deeply  buried 
under  the  drift.  This  is  known  to  extend  onder  Little  Falls  village, 
being  encountered  in  wells  and  cellars. 


Jolntage  ot  tba  Blate  at  Utile  Falls. 

A  little  distance  further  down  the  river,  yet  scarcely  outside  the 
limits  of  the  village,  rock  is  exposed  on  "the  point,"  and  consists,  in 
general,  of  a  hard,  dark-colored  dioryte,  containing  mainly  amphibole 
in  coarse  crystals,  and  a  little  feldspar  (labradoriteP).  The  outward 
characters  of  this  rock  are  the  same  as  the  concretionary  lumps  that 
exist  in  the  slate  already  described.  It  is  here  simply  in  larger  area 
and  bulk.  It  is  parted  by  joints  that  cause  it  to  fall  to  pieces  in 
slabs  and  cuboidal  masses.  This  mai/  be  here  in  the  form  of  a  dyke, 
but  its  relation  to  the  slate  cannot  be  seen.  The  point  which  is 
formed  by  it  is  considerably  higher  than  the  bottom  land  on  either 
side,  but  &lls  away  somewhat  on  receding  from  the  river,  the  rock 
itself  becoming  lost  to  view  in  the  swampy  bottoms,  or  involved 
with  the  drift  of  the  river-bluffe.  On  long-weathered  surfaces,  under 
the  action  of  the  water,  there  is  a  ridged  and  furrowed  form  that 
shows  the  same  direction  and  trend  as  the  slatiness  of  the  slate,  i.  e. 
N.  18  deg.  E.    These  ridges  are  about  i  inch  apart,  and  about  i  or 
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i  inch  high,  separated  hy  intervening  furrows.  This  surfuce  coii- 
figuration  ia  apparently  due  to  the  alternate  arrangement  of  the 
mineral  contents,  and  perhaps  has  its  origin  in  a  metamorphosed 
condition  of  the  slate  itself,  or  of  the  sedimentary  rocks  from  which 
they  both  may  have  been  derived.  Thus  this  could  not  be  of  the 
nature  of  an  igneous  dyke,  hut  a  metamorphic  variation  due  to  the 
complex  nature  of  the  original  sediments.  This  viewis  strengthened 
by  the  occurrence  of  a  similar  diorytic  rock,  in  concretionary  masses, 
in  the  slate  itself,  running  in  more  or  less  regular  layers  or  lines. 
This  alternation  of  mineral  contents  does  not  pervade  the  whole  of 
rock  exposed on"the point,"  butit  is  aconspicuous  feature  in  some 
places.  The^  ridges  are  composed  of  the  lighter  colored  minerals, 
and  the  furrows  of  the  amphibole.  The  adjoining  figure  (Fig.  5.) 
illustrates  the  alternation  of  these  ridges  and  furrows. 

•^-•^ 


Arrangement  ol  Hloeral  Contents  at  Little  Falls. 

Explanation  of  Figure  5. 

1.  Bands  of  dioryte. 

2.  Altematiiig  baods  of  amphibole  and  feldspar. 

8.    Furrow  mainly  occupied  by  a  bajid  of  amphibole. 
4.    Feldspar  band. 

Opposite  the  village  of  Little  Falls  a  trap  dyke  of  basic  doleryte, 
apparently  about  10  feet  wide,  appears  in  the  slate,  going  diagontdly 
across  the  slate;  and  on  the  south  side  of  the  dyke,  in  the  lee  of  its 
protection  against  the  current  of  the  river,  as  well  as  against,  possibly, 
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the  ice  of  the  ice-period,  the  slate  (or  schist)  is  decomposed  to  the 
depth  of  four  or  fiye  feet  at  least,  making  a  greenish-blue  clay,  or 
incipient  kaolin. 

The  slate  at  Little  Rapids  is  visible,  along  one  or  both  sides  of 
the  river,  as  far  up  as  the  ferry,  perhaps  three-quarters  of  a  mile 
above  the  village. 

On  the  N.  E.  i  Sec.  13,  (R.  R.  land),  Little  Falls  town,  on  the  west 
side  of  the  river,  is  an  area  of  dark  granite,  rising  in  smooth  knolls 
a  few  feet  above  the  surrounding  country,  which  is  flat  and  rather 
wet,  though  sandy,  and  in  fact  is  an  eastward  continuation  of  the 
flat  of  the  west  bank  of  the  river  at  Little  Falls.  This  rock  is  not 
in  all  places  a  true  granite,  but  varies  to  adark,  apparently  trappean 
rock,  which  is  an  amygdaloidal  melaphyre*,  containing,  however,  a 
light-green  mineral  like  serpentine.  There  are  also  variations  to  a 
non-amygdaloidal  melaphyre  with  scattering  mica-scales. 

At  the  mouth  of  the  Little  Elk  river,  two  and  a  half  miles  above 
Little  Falls,  the  slate  seen  at  Little  Falls  again  appears,  but  here  the 
direction  of  the  slatiness  is  X.  30  deg.  or  35  deg.  instead  18  deg. 
east.  The  creek  runs  across  it  and  cuts  into  it.  The  dam  is  made 
between  the  rock  blufls  on  either  side.  The  slate  is  known  to  extend 
up  the  Little  Elk  only  about  half  a  mile. 

N.  E.  i  section  26,  Belle  Prairie.  Here  is  an  outcrop  of  granite.  ■ 
It  rises  not  more  than  eight  or  ten  feet  above  the  general  surface, 
which  is  nearly  level.  It  is  rounded  over  but  is  not  striated.  Its  color 
is  sometimes  pink  and  sometimes  gray.  It  is  rather  massive  than 
schistose.  Its  area  probably  extends  over  on  the  next  section  north. 
Sinular  rock  occurs  again  aboat  two  and  a  half  miles  northeast  of 
this  place  on  section  18,  in  the  next  town  east. 


PRIMITIVE  MAN  AT  LITTLE  FALLS. 


(1).  The  Stwie  Cutters. 

During  the  examination  of  Pike  Rapids  some  search  was  made  for 
Pike's  winter  stockade.  Near  the  principal  exposure  of  the  bed-rock, 
along  the  east  hank,  abreast  of  a  small  island  scantly  turfed  over, 
there  is  a  blind  excavation  in  the  river-bank  which  consists  of  loose 

*  Tbia  term  is  nsed  beie  in  the  Imdeanlte  senM  preterred  by  Bemhftrd  Von  Cott». 
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sand  and  fine  gravel,  that  has  the  appearance  of  having  been  artifi- 
cial, but  no  old  timbers  could  be  found  in  the  Ticinity.  Paris  Roy, 
a  half-breed  living  at  Little  Falls,  says  he  rememl^ers  hearing  his 
uncle,  a  trader  for  tlie  American  Fur  Company,  named  Charles  La 
Rose,  stationed  seven  or  eight  miles  above  Little  Falls,  at  that  time, 
relate  the  fact  of  Pike's  stopping  here  and  describe  the  place  as  on 
the  east  bank,  and  below  the  rapids.  This  excavation  is  really  be- 
low the  main  rapids,  though  there  is  half  a  mile  of  rapid  water  be- 
low it,  caused  by  boulders,  without  exposure  of  the  bed-rock. 

About  this  excavation,  which  may  or  may  not  have  l>een  the  site 
of  Pike's  stockade,  are  pieces  of  chipped  white  quartz,  which  from 
their  sharpness,  and  their  color,  indicate  an  artificial  origin,  and  at- 
tract the  eye  of  the  visitor.  It  was  only  after  a  handful  had  Iweii 
gathered,  that  at  last  an  imperfect  arrow-head  wa.s  found.  These 
chips,  at  this  point,  were  found  only  over  a  small  area,  indeed  they 
were  not  looked  for  at  other  points  up  or  down  the  river,  nor  at  any 
depth  below  the  surface.  This  quartz,  which  is  white  and  opaque, 
was  evidently  taken  from  some  vein  in  the  slate  in  this  neighborhood, 
for  the  slate  at  Little  Falls  has  several  veins  of  that  kind  of  quartz. 

Subsequently  however,  these  chips  were  found  to  extend  over  j 
larger  area,  and  to  be  incorporated  with  the  materials  of  the  river 
banks.  Further  examination  at  Little  Falls  disclosed  this  interest- 
ing discovery.  They  are  found,  not  only  on  the  surface  of  the  Sat 
on  which  Little  Falls  village  stands,  especially  near  the  river,  but 
on  excavating  the  bank  near  the  river.raaking  a  perpendicular  section, 
they  are  found  to  extend  downward  three  or  four  feet  into  the  sand  and 
gravel.  A  person  in  digging  half  an  hour  might  find  twenty-five 
or  thirty.  The  material  in  which  they  occur  is  a  bomogeueoua 
sand,  passing  downward  gradually  into  a  cearse  sand  and  finally  in- 
to a  gravel.  This  flat  along  the  river  on  the  margin  of  which  they 
are  found,  is  about  twenty-seven  feet  above  the  river,  and  is  now 
never  covered  by  it.  The  bank  itself  may  be  divided  into  three 
parts,  as  follows,  in  descending  order: 

1.  Loam  Band,  gmrelly  below. 

2.  Gravel,  becoming  atony  below. 

S.    Hardpau-drift,  containing  boulders. 

The  plain  on  which  Little  Falls  stands,  is  about  a  mile  wide,  and 
extends  along  the  river;  as  an  abandoned  ancient  fiood-plain,  south- 
ward, and  becomes  that  on  which  East  Minneapolis  is  situated. 
Toward  the  south  its  average  width  remains  about  the  same  as  at 
Little  Falls — perhaps  becomes  les.s — but  toward  the  north  it  increas- 
es in  width,  and  at  the  same  time  rises  above  the  river,  and  finally 
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comes  apparently  to  constitute  the  entire  country  about.  Brainerd 
(mtli^the  sandy  country  east  of  it)  is  on  such  a  plain;  towards  tbe 
west  a  sandy  plain  of  tlie  same  nature,  and  the  same  level  ex- 
tends much  further,  though,  opposite  Little  Falls,  it  is  occupied 
to  a  large  extent  nith  wet  land  and  often  by  tamarack  swamps. 
On  either  side  of  the  river,  outside  of  this  plain,  is  a  line  of 
drift  blnffii  which  have  a  rolling  coutour  and  rise  from  50  to 
to  75  feet  higher,  constituting  a  greatly  different  character  of 
counhy,  and  occupying  the  general  level  for  an  indefinite  distance 
east  and  west  &om  the  river.  Northward  from  Little  Falls,  while 
the  included  plain  becomes  wider,  and  covered  with  a  coarser  sand, 
these  bluf&  gradually  become  lower.  It  seems  as  if  the  plain  slowly 
rises  to  the  level  of  these  drift-bluffs,  and  the  bluffs  themselves  then 
are  lost  to  view,  or  are  so  broken,  and  involved  with  other  drift 
knolls  and  ridges,  that  they  seem  to  have  no  relation  to  the  river 
itself.  In  traveling  by  the  new  railroad,  lately  constructed  between 
Brainerd  and  St.  Cloud,  this  change  is  observable.  The  road  itself, 
at  least  between  Little  Falls  and  Brainerd,  runs  throughout  on  this 
plain.  In  reverse  order  the  depth  of  the  river  below  this  plain  in- 
creases in  going  northward.  At  East  Minneapolis  it  is  irom  25  to 
80  feet  above  low  water;  at  Shingle  creek  it  is  about  37  feet;  at 
Champlin  it  is  43  feet;  at  Dayton  45  feet;  at  9t.  Cloud  58  feet;  at 
Brainerd  about  60  feet.  No  measurements  have  been  taken  above 
Brainerd.  Along  the  river  at  a  lower  level  is  another  flat,  or  bot- 
tom-land, which  is  the  present  flood-plain.  The  hardpan  drift 
which  prevails  in  the  btufia  on  the  east  side  of  the  river,  and  which 
underlies  the  sandy  plain  above  described,  seems  to  be  of  the  old 
drift  epoch  (see  report  on  Hennepin  county  for  1876),  and  lies  on 
the  slate  at  the  Falls.  The  adjoining  diagram  (Fig.  6)  represents  a 
section  across  the  Missississippi  valley  at  Little  Falls: 


a  the  MlnlBslppi  valley  at  Little  Falls, 
Explanation  of  Figure  6. 

1.  Hardpan  drift,  on  the  east  aide  covered  with  a  fine  clajey  loam. 

2.  Gravel  and  sand. 

3.  Sand,  loamf  above  and  gravellj  below;  60  feetabovetheriver  at  low  water. 

4.  Trap  dyke. 

5.  Slate  rock. 
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The  quartz  chips  occur  ia  No.  3,  and  abundantly  on  the  flat 
(somewhat  lower  than  the  average  here)  directly  opposite  Little 
Falls,  in  the  neighborhood  of  the  trap  dyke.  They  extend  up  and 
down  the  river  also  an  unknovm  distance.  They  were  found  at  the 
mouth  of  the  Little  Elk,  two  and  a  half  miles  above  Little  Falls. 
The  belt  on  the  west  side  which  seems  to  afford  them  is  about  40  or 
50  rods  wide,  but  something  less  than  i  mile  on  the  east  side.  On 
the  west  side  they  appear  in  the  soil  when  large  trees  tear  it  up. 

These  chips  are  all  angular,  some  of  them  being  as  sharp  as  knives, 
and  perfectly  unwaterwom,  and  they  occur  in  a  waterwom  deposit. 
They  vary  in  thickness  from  that  of  paper,  and  the  size  of  one's 
fingernail,  to  one  and  two  inches  across,  of  irregular,  angular  forms. 
Almost  no  other  coarse  material  is  found  in  the  surfece  sand  in 
which  they  are  found;  and  whatever  there  is,  is  waterwom  and 
rounded.  The  chips  are  generally  without  evidence  of  designed 
form,  and  nearly  all  the  angular  pieces  are  also  destitute  of  all  evi- 
dences of  artificial  shaping,  so  far  as  their  forma  are  concerned. 
Only  a  few  pieces  were  found  that  seemed  to  show  the  work  of  careful 
chipping,  and  they  are  not  perfect.  The  most  certainly  chipped 
form  found  was  taken  at  Little  Elk  river,  but  was  of  brown  chert. 
Some  of  these  chips  are  represented  on  Plate  I. 

The  interest  that  centers  in  these  chips,  and  which  alone  would 
warrant  this  extended  account  of  them,  involves  the  question  of 
the  age  of  man  and  his  work  in  the  Mississippi  valley.  When  they 
were  first  observed  they  were  taken  to  be  of  much  later  date  than 
they  seem  to  be,  indeed  they  were  associated  with  the  builders  of 
the  mouads  and  ridges  that  are  seen  at  Little  Falls  and  many  other 
places  in  Minnesota,  attributable  to  a  race  known  as  the  Mound- 
Builders,  who  preceded  the  present  Indian  races.  But  these  mounds 
and  ridges  at  Little  FalU  are  built  of  the  very  sand,  and  are  situated 
on  the  very  same  plain  in  which  these  chips  occur.  Li  other  words, 
the  Mound-Builders  dwelt  at  Little  Falls  since  the  spreading  of  the 
material  of  the  plain:  hence  they  are  post-glacial.  The  chipping 
race,  if  these  chips  are  of  human  origin,  preceded  the  spreading  of 
the  material  of  the  pl^,  and  must  have  been  pre-glacial;  since  the 
plain  was  spread  out  by  that  flood-stage  of  the  Mississippi  river 
that  existed  during  the  prevalence  of  the  ice  period,  or  resulted  from 
the  dissolution  of  the  glacial  wint«r.  The  fortunate  juxtaposition 
of  these  two  classes  of  human  remains  enables  us  to  establish  this 
important  general  truth.  The  wonderful  abundance  of  Uiese  chips 
indicates  either  an  astonishing  amount  of  work  done,  as  if  there'had 
been  a  grand  manufactoiy  in  the  neighborhood,  or  an  enormoua 
lapse  of  time  for  its  performance. 


byGoO'^lc 


byGoo'^lc 


EXPLANATION  OF  PLATE. 


{See  Page  56.) 


Fio.  I,  ft.    Profile  view  of  same. 

[Note.— This  Hpedmcn  is  rcgArdol  a  Rnishcd  implemont  by  F,  W.  Putnam, 
of  the  Peabod;  Museum.] 

Frn.  2,  a.  Convei  surface  of  a  chert  implement  found  tit  Little  Fnlln. 

Fio.  2,  b.  Profile  view  of  the  same.    The  fijpirea  do  not  perfectly  represent  the 

evidentall;  chipped  edf:^. 

Fio.  3,  n.  Broken  arrow-head  ( ?)  of  white  qnartr,,  found  at  Pike  R^iqiids, 

t'to.3,  ft.  Profile  view  of  same. 

Fio.  i,  <i.  Scraper  ( ?)  of  whit«  qnartz,  from  Little  Falls. 

Fro.  4,  6.  Profile  view  of  some. 

Fio.  5.  a.  Implement  of  white  quartz,  Little  Falls. 

Fig.  5,  ft.  Profile  of  the  same. 

Pio.  6,  a.  Implement  of  white  quartz,  LitQe  Falls. 

FiQ.  6,  ft.  Profile  of  the  same. 

These  fiffores  are  all  of  the  nataral  size  of  IJie  spedmens. 
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There  ia  one  other  source  to  which  these  chips  can  be  referred. 
The  veins  of  white  quartz  traversing  the  slate  at  Little  Falls,  from 
which  these  chips  were  originally  derived,  were  observed  in  one  in- 
stance (near  the  mouth  of  Little  Elk  river)  to  split  into  angular 
pieces  similar  to  those  taken  from  the  surface  sand  of  the  plain, 
under  the  action  of  moisture  and  frost.  This  was  seen  at  a  point 
where  the  freshet  water  of  Little  Eik  river  had  lately  carried  away 
the  surface  materials,  laying  bare  a  large  area  of  the  slate.  The 
quartz  of  the  vein,  not  having  a  mineral  cleavi^e,  yet  had  an  irregular 
fracturing  tendency  which  resulted  in  the  diaentegration  of  a  con- 
siderable quantity  of  the  vein.  It  is  supposable  that  in  some  earlier 
history  of  the  river,  when  it  was  lai^e  enough  to  cover  the  whole 
valley  from  the  drift  bluf&  a  mile  east  of  Little  Falls  to  the  drift 
bluf^  several  miles  west,  this  same  disintegration  under  natural 
causes  took  place,  and  that  by  some  means  the  fragments  were  dis- 
tributed by  the  water  of  the  river,  perhaps  by  floating  ice,  over  the 
flat  on  which  they  are  found  when  it  was  the  bottom  of  the  river. 
This  supposition  meets  with  the  following  obstacles. 

1.  There  is  no  point  throughout  the  whole  region  round  about 
where  the  slate  conveying  these  quartz  veins  rises  to  the  level  of  the 
surface  of  this  plain  so  as  to  be  within  the  range  of  transporting 
agencies,  whether  of  the  water  of  the  river  or  of  floating  ice,  but 
the  quartz  veins  are  from  40  to  50  feet  lower  than  the  flat  on  which 

.the  chips  occur. 

2.  During  the  high  stage  of  water  that  formed  the  chip-bemng 
terrace,  that  plain  itself  was  intaot  from  side  to  side,  the  present 
river  channel  which  is  cut  down  to  the  slate  and  the  quartz  veins, 
not  havmg  been  excavated. 

3.  The  chips  seen  at  Little  Elk  river,  resembling  these  supposed 
hamaD  remains,  were  in  the  bed  of  the  river,  and  under  the  driff 
originally,  even  the  unmodified  glacier  drift,  while  the  transported 
chips  are  over  the  glacier  drift  and  in  a  water-washed  sand. 

4.  If  these  chips  were  the  product  of  natural  disintegration,  and 
river  distribution  they  would  be  expected  to  show  some  attrition  in- 
cident to  the  long  period  of  wearing  they  had  passed  through.  On 
the  contrary,  while  embraced  in  a  water-washed  and  rounded  sand, 
or  fine  gravel,  they  are  themselves  not  worn  in  the  least. 

5.  The  quartz  fragments,  while  mainly  destitute  of  evidence  of 
designed  shape,  do  in  a  few  cases  appear  to  be  imperfect  fonm  of 
arrow-heads  or  of  cutting  or  scraping  instruments,  and  also  have, 
along  the  edges,  the  appearance  of  having  received  repeated  blows, 
and  present  small  fresh  surfaces  of  forced  fracture. 
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6,  In  gathering  about  three  quarts  of  these  chips,  eight  pieces 
were  found  that  could  be  thought  to  hare  a  designed  form,  and  two 
of  these  are  of  brown  chert  and  undeniably  the  product  of  human 
design. ' 

{Since  the  foregoing  was  written,  some  of  these  chips  have  been 

submitted  to  Mr.  F.  W.  Putnam,  Curator  of  Peabody  Museum  of 

Archaeology  and  Ethnology,  Cambridge,  Mass.     After  an  exami- 

ndtinn  bp  RAVH  bii  has  no  hesitation  in  saying  that  he  "considers 

)Se  known  to  be  formed  by  the  hand  of  man 

nts  of  stone."    One  of  the  chert  specimenfi 

implement.'') 

)  The  Mound  Builders. 

been  made  of  ridges  and  mounds  on  the  ter- 
ibutable  to  the  early  race  known  as  Mound 
I  general  resemblance  to  many  others  that 
ite,  some  of  which  have  been  alluded  to  in 
rts  on  Houston  and  Hennepin  Counties), 
rle  Falls  is  interesting  especially  in  relation 
origin  of  the  quartz  chips  that  have  been  de- 

0  be  of  later  date  than  the  chips.  This  is 
;  the  mounds  are  built  on  the  terrace  plain, 

1  the  composition  of  which  plain  the  quartz 
ling  three  or  four  feet  below  the  surface, 
es  are  somewhat  different  from  those  seen 
J  they  consist  of  low,  circular  ridges,  &om 
ross,  rising  but  two  or  three  feet  above  the 
re  scattered  over  a  small  distance  on  the  east 
r  the  northwest  corner  of  the  villnge  plat, 
would  be  discovered  on  making  a  more  exten- 
swing  diagram  of  the  surface  shows  their 
!  river  and  the  other  ridges.  They  may  have 
;ation,  h  aviug  been  formed  at  first  by  slightly 
of  the  ground,  and  then  building  rude  arched 
>y  wooden  branches  and  enclosed  by  earth, 
fell  in,  the  resulting  forms  would  be  exactly 
leyond  the  limits  of  the  village,  further  north, 
nearly  straight,  running  obliquely  back  from 
I  and  eight  paces  in  length.  This  is  of  a  very 
h  plainly  artificial.  It  is  from  three  to  four 
low  spots, cr  openings  through  it,  which  sep- 
in  parts.    It  does  not  extend  to  the  imme- 
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diate  riTer  bank,  but  is  separated  from  it  by  an  interval  of  several 
lods.  The  design  of  this  ridge  is  not  evident,  but  it  must  have  had 
some  relation  to  other  works  in  the  neighborhood.  It  may  not 
however,  have  the  same  age  as  the  small  circular  ridges  above  men- 
tioned, since  there  is  some  possibility  that  the  Utter  may  have  beea 
built  by  the  present  Indian  races. 

About  fifty  earth-works  or  mounds  are  found  on  the  border  of  a 
small  lake  on  Sec.  35,  Belle  Prairie  and  Sec.  9,  Little  Falls,  six  miles 
east  of  the  village  of  Little  Falls.  They  follow  rouad  the  shore  of 
the  lake,  which  is  know  by  the  Indians  as  "  The  Lake  between  the 
HiUs." 


Mounds  ond  ridges  at  Little  Falls. 
(3.)    In  other  paiis  of  Minnesota. 

A  great  many  flints  and  stone  implements  have  been  found  in  the 
State  indicating  the  former  prevalence  of  a  race,  or  races,  analagous 
to  the  atone-workers  of  Europe,  Whether  these  stone  implements 
ire  referable  to  the  older  stone-working  race,  which  would  make 
Uiem  pre-gracial,  (palaeolithic),  or  to  the  more  recent  nolithic  stone- 
workers,  or  to  both  of  them,  has  not  yet  been  ascertained;  but  the 
disposition  has  been  general  to  assign  them  to  the  latter.  It  may 
he  possible,  however,  that  the  palteolithic  race  is  represented,  and 
the  quartz  chips  at  Little  Falls  would  seem  to  indicate  that  to  be 
the  ease.  At  any  rate  the  most  careful  attention  should  be  given 
to  the  relation  of  all  such  discoveries  to  the  drift  of  the  region  in 
which  they  occur. 

A  few  of  the  other  evidences  of  palieolithic  man  in  Minnesota 
may  be  mentioned.  Dr.  A.  E.  Johnson  mentions  in  the  Bulletin  of 
the  Miimesota  Academy  of  Natural  Sciences  for  1874,  the  discovery 
of  human  bones  in  the  sand  and  gravel  of  the  Mississippi  river  in 
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the  eastern  terrace  bluffis,  at  Minneapolis,  coincident  in  age  and 
bight  with  the  terrace  bluff  in  which  the  quartz  chips  occur  at 
Little  Falls,  this  being  a  deposit  coincident  with  or  immediately  fol- 
lowing the  last  glacial  epoch.     On  the  same  authority  two  fragments 
of  a  human  lower  jaw  with  teeth  were  discovered  in  the  "ted  clay 
and  boiilder  drift"  near  the  Falls  of  St.  Anthony,  by  workmen  ex- 
cavating in  it  for  use  in  the  tunnel  under  the  river,  lying  "  imme- 
diately upon  the  limestone  ledge."     This  red  clay  is  the  product  of 
the  Erst,  or  oldest  known,  glacial  epoch,  and  lies  below  all  the  other 
drift.    He  also  states  that  on  the  same  side  of  the  river  a  copper 
spear-head  was  taken  from  a  crevice  in  the  limerock  of  the  Lower 
Trenton,  where  its  strike  forms  an  elevation  in  the  alluvial  plain  of 
the  terrace  above  mentioned,  at  some  distance  from  the  immediate 
river,  under  four  feet  of  drift—"  sand,  gravel  and  clay  " — which  ia 
now  in  possession  of  the  St.  Paul  Historical  Society.     This  deposit 
is  of  the  same  plain  and  date,  as  the  material  of  the  terrace  contain- 
ing the  quartz  chips.     The  spear-head  is  said  to  have  been  three 
feet  within  the  lime-rock.     It  must  be  admitted,  however,  that, 
supposing  these  human  bones  and  teeth  to  have  been  found  in  the 
manner  reported,  they  may  still  have  been  the  result  of  more 
modem  burials,  and  the  spear-head  may  have  been  thrust  in  the 
crevice  (a    weathered  and  eroded  jointage-plain)  horizontally,  in- 
stead of  perpendicularly,  as  these  open  crevices  abound  in  the  Lower 
Trenton  and  appear  on  the  exposed  wall  of  the  rock  facing  the  river, 
anil  MinA/>iaT1ir  in  that  part  of  the  aucieut  channel  which  was  cut 
lacial  epoch,  where  this  spear-head  was  found. 
Falls  must  always  have  been  a  resort  for  rude 
a  great  many  burials,  not  to  say  battles,  may 
re.     Stilt  there  is  an  appearance  of  authenticity 
ries,  so  for  as  the  published  facts  go. 
ling  six  pounds  was  found  at  St.  Paul  in  digging 
lams  school  house,  by  Jacob  Biska,  six  or  eight 
ace.    It  was  overlain  by  soil  and  black  loam, 
«3  of  eight  or  ten  feet  at  that  point.     The  figure 
line.     The  surface  of  the  blade  end  is  smoothed, 
,  but  the  other  end  is  rougher,  or  weather-wom- 
jt  of  the  drift  depoHits,  but  far  beyond  the  reach 
,  though  within  the  outer  drift  blufis. 
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Stone  aie  and  disc  (ound  at  St.  Paul. 

In  a  gravel  bank  at  St.  Paul  also  vraa  found  recently  by  Mr. 
Merrine,  a  stone  disc  abont  two  inches  in  diameter,  and  three- 
qoarters  of  an  inch  in  tbiclmess.  This  has  a  circular  depression  in 
the  center.  One  side  is  coated  with  a  limy  crust.  It  is  of  a  fine- 
grained greenstone. 

The  remains  of  an  extinct  elephant,  in  the  form  of  a  tooth  and 
tusk,  were  found  in  the  gravel  and  sand  of  the  east  bank  of  the 
Mississippi  about  five  miles  above  Minneapolis.  These  occupy  the 
same  relation  to  the  river  and  the  valley  as  the  quartz  chips  at 
Little  Falls,  having  been  taken  from  the  same  terrac«. 

In  the  coarse  river-grayel  at  Stillwater,  fstr  above  the  present  river, 
bnt  within  the  main  valley,  was  found  a  mastodon's  tusk,  and  bbout 
eight  feet  of  it  are  preserved  in  the  Academy  of  Sciences  at  St. 
Paul.  This  was  taken  out  in  the  year  1856  by  A.  Van  Vorhes. 
The  section  of  the  bank  in  which  it  was  foond  is  now  made  up  aa 
follows : 
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1.  Disturbed  sand  irith  Eome  boulilen 5  feet. 

2.  Fine  sanil,  with  nearly  horizontal  strata. 2  to  6  feet. 

3.  Gravel  and  liouldetB 0  to  4  feet. 

4.  Very  Hoe.  handsome  sand,  in  horizontal  stratification...  15  feet. 

5.  Coane  gravel  and  Iwalden 4to  6  feet. 

6.  Horizontal  irtraU  of  fine  Band 30  to  40  feet. 

7.  The  "  tripoli  "  bed  lies  neit  beltrw  this  fine  land. 

The  task  was  fouad  in  No.  6,  and  ne&r  the  bottom.  Near  the 
top  of  the  same  stratum,  Mr.  Van  Vorhea  found  fragments  of  pot- 
tery having  canring  and  nmamentation.  These  are  all  to  be  seen 
in  the  Academy  at  St.  Paul.* 

In  the  possession  of  the  Minnesota  Historical  So':iety  are  two 
immense  stone  hammers  recently  obtained  at  St.  Peter  by  Mr.  B. 
M.  Randall.  One  of  these  wax  found  four  feet  under  ground,  and 
the  other  was  on  the  surface.  They  each  weigh  fifty  or  sixty  pounds. 
The  adjoined  sketch  of  their  probable  manner  of  use  represents,  if 
correct,  probably  the  most  primitive  flouring-mill  that  Minnesota 
ever  possessed.  It  was  prepared  by  Dr.  R,  0.  Sweeny.  While 
these  millstones  each  have  a  groove  running  about  them,  somewhat 
on  one  side  of  the  middle,  as  if  for  receiving  a  witbed  frame,  yet  the 
groove  of  one  appears  aa  if  it  were  of  natural  origin,  and  caused  by 
tb^  more  rapid  disintegration  of  a  vein  of  micaceous  granite  or 
gneiM  with  which  the  groove  is  coincident,  while  the  bulk  of  the 
■tone  is  of  a  firmer  rock.  In  the  other,  however,  the  groove  has 
evidently  been  dug  out  by  coarse  artificial  chipping. 

These  upper  millstones  were  found  at  points  two  miles  separate. 
One,  the  larger  of  the  two,  has  the  groove  deep  on  one  side,  but  less 

Tbe  Importaoee  ol  tbis  "&nd"  eaoied  tbe  writer  w  distrait  bis  own  notes,  mads  to 
lan,  ■■  to  the  exact  position  ol  the  potterr,  altboosb  taken  down  on  the  spot  as  de- 
KTltwd  bT  Ur.  Van  Vorhes,  and  to  make  a  (resh  application  to  Kr.  Van  Vatbes  tor  the 
paiticalan  at  to  Its  crort  pofUtoA.  Ttie  foUowbig  (rom  that  gentlemen,  wboU  an  ex- 
perienced snTTeyoT  and  an  exact  observer,  alBniu  tbe  petition  ot  both  as  at  But  atated  : 
StillwaTKK.  April  W.IBTT. 

Dkab  Bib:— Tours  ol  the  leth  came  duir  to  band,  and  found  me  almost  belplese 
witb  a  rbeumatlc  attack,  which  explains  mj  seeming  neglect  to  answer  your  Inqulrjr. 

The  maitodon  tnsks  were  (ound  about  elgbt  or  ten  leet  aboie  tbe  bue  of  tbe  bill  : 
thehlUat  tbls  point  rises  af  an  angle  of  about  tf*.  After  excavating  In  tbe  bue  of  tbe 
bin  on  tbe  grade  of  Hjrtle  street  about  3T  leet,  tbe  tusks  were  found,  consequently  3T 
feet  below  tbe  surface.    At  tbls  point  Ibe  hill  was  about  90  feet  bigb. 

Tbe  crockery  I  found  some  thirty  feet  larlber  Into  the  hill  and  some  ili  orelght  feet 
bigber  In  the  strata.  This  hill  Is  a  continuous  tongue  ol  land  lying  between  the  Flor- 
ence n>lll  stream  and  a  spring  run.  The  two  sCreanu  mo  porvllel  and  some  no  leet 
apart.  Tbe  bill  Is  so  steep  on  the  Florence  mill  side  as  to  be  InacceHlble  except  by 
elinglng  to  roots  and  bruab  growing  on  It.  Tbe  material  at  the  base  la  sand  and  smsll 
gravel.  Wbere  the  tusks  were  lound  tbe  strata  were  pure  sand  tenor  twelve  feet  tbick, 
exhibiting  clearly  tbe  direction  of  tbe  current  In  an  eastward  Inclination  one  or  two 
degrees.  On  the  lop  of  tbe  bill  were  heavy  boulders  of  Ibe  drift  period.  I  deeply  re- 
gret tbat  IndlapoBlClou  and  the  weight  of  eighty-four  years  have  rendered  me  incapable 
Ol  compMlng  a  aatUtacCory  commmunlcatlou.    Yours,  with  much  esteem, 

A.  VAN  V0EHE8. 
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noticeable  on  the  other,  and  was  found  in  1876.  It  lay  *'  under  the 
ground,  covered  with  black  earth  and  i^and,  above  a  layer  of  chalky 
deposit  containing  some  flint  and  other  atones."  It  was  on  the 
locky  terrace  formed  by  the  Shakopee  and  Jordan  formations  near 
St.  Peter,  but  a  little  south  of  the  town,  and  thirty  rods  distant 
from  the  flood  plain  of  the  Minnesota  river.  The  smaller  one  was 
fotmd  "two  miles  further  south,  just  at  the  foot  of  the  bank,  among; 
a  tot  of  boulders  of  all  sizes."     It  was  found  in  August,  1874. 


J^aanvs^^zznr  MiNjmsaTA. . 


FHmltlTe  floni-uilll  and  outUnea  ot  the  upper  mlllitOQes. 
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The  phenomena  of  the  mounds  that  are  scattered  a]l  over  the 

State  caaaot  be  regarded  as  palseolithic,  since  they  pertain  to  a 

period  subsequent  to  the  la^t  glacial  epoch.    The  mounds  are  found 

indiscriminately  at  all  levels,  and  in  all  relations  to  the  drift  de- 

-»c:i«   _™.r^„  „Q  jjjg  latest  deposits.     Remains  that  are  found  em- 

the  actual  drift,  are  classed  here,  according  to  Mr. 

as  palEeolithic,     If  they  are  in  the  gravel  or  sand 

'  in  the  hardpan  of  the  last  glacial  epoch  they  accom- 

ded  the  laat  glacial  epoch.    If  they  are  in  the  hardpan 

acial  epoch  they  have  a  still  older  date.     Under  this 

ithic  remains  are  only  those  of  later  date  than  the 

Dch. 

The  Soil  of  Morrison  County. 

ate  river  valley  is  rather  sandy,  and  has  reacted  against 
;  of  the  county;  but  the  general  level  of  the  country, 
e  river,  is  of  a  very  different  character.  There  is  a 
that  covers  much  of  the  land  east  of  the  river,  which 

naEure  and  date  as  the  loam  that  is  spread  over  the 
ich  of  the  southeastern  portion  of  the  State,  and  has 
;ion  of  the  State  a  notoriety  for  ease  of  culture  and  fer- 
cond  to  none  in  the  United  States.  This  loam  in  some 
iT  coarse.  It  is,  indeed,  seldom  clayey,  as  it  is  in 
ty,  and  in  other  places  it  is  wanting,  the  soil  then 
ly  hardpan,  or  gravelly  clay.  The  eastern  portion  of 
mainly  one  of  plain,  or  rises  and  falls  in  broad  undu- 
lileys  being  occupied  by  the  creeks  that  generally 
rd,  or  toward  the  Mississippi.  On  the  west  side  of 
le  alluvial  plains  are  wide,  and  are  rather  wet  now, 
estined  to  be  drained,  which  can  easily  be  done,  when 
lund  to  possess  some  of  the  best  soils  in  the  county, 
hat  closely  underlies  these  flats  sometimes  appears  in 
ich  have  already  been  taken  by  settlers,  as  they  rise 

the  flats  ttaA  furnish  a  difterent  forest  growth;  while 
ats  is  a  series  of  drift  bluffs  furnishing  heavy  hard- 
lorreapond  with  the  bluffe  on  the  east  side  of  the  river, 
atroduce  a  belt  of  hardpan  clay  soils,  and  continue 
)Ugh  slight  variations,  to  the  Leaf  Hills.  Throughout 
1  scattered  over  the  intervening  surface,  are  frequent 
anite  and  of  northern  limestone. 
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Water  Powers. 

There  is  a  fine  water-power  in  the  Mississippi  at  Little  Falls,  and 
a  rocky  island  in  the  river  makes  its  improvement  more  feasible. 
This  was  used  at  one  time  for  milling  and  manufacturing  purposes, 
but  the  dams  have  been  swept  out  by  the  river,  and  the  buildings 
themselves  are  entirely  destroyed.  The  recent  completion  of  the 
railroad  north  and  south  through  the  county,  running  on  the  east 
side  of  the  rirer,  is  destined  to  hasten  the  settlement  of'  this  in- 
teresting county,  and  to  develop  more  rapidly  its  great  natural 
resources. 

There  are  flouring  mills  already  established  at  the  following  points : 

On  the  Platte  river.  Sec.  35,  Belle  Prairie;  three  runs  of  stone,  for 
custom  vrork ;  also  has  machiQei7  for  cutting  lumber.  This  is 
known  as  (jrevel's  mill. 

Hill  Brothers'  mill  is  at  the  mouth  of  the  Little  Elk  river  and 
manutactures  flour  and  lumber.  It  has  two  runs  of  stone,  and  12 
feet  water  head. 
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"V. 
THE  GEOLOGY  OF  RAMSEY  COUNTY. 


Situation  and  Area. 

Ramsey  county  lies  east  of  theMiasissippi  and  embraces  St.  Pad 
the  Capita]  of  the  State.  It  contains  101,124.62  acres.  Itisneatl 
rectangalar,  but  is  indented  on  the  south  by  a  ^reat  northward  beif 
in  the  Missippi  river.  On  this  bend  St.  Paul  is  situated.  The  ial 
lowing  tabulated  statistics  show  the  areas  of  the  different  towflj 
and  dates  of  survey.  The  territory  here  described  as  lying  south  ^ 
the  MisBisaippi  river  was  detached  from  Dakota  county  and  add« 
to  Ramsey  county  by  an  act  of  the  Legislature,  approved,  Marcj 
9th,  1874.  The  county  has  Hennepin  and  Anoka  on  the  west,  atk 
Anoka  on  the  north.  Washington  county,  about  eighteen  mi]( 
wide  separates  it  &om  Lake  St,  Croix,  which  is  the  eastern  hool 
dary  of  the  state;  separating  it  irom  Wisconsin: 
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The  Surface  Features. 

With  unimiiortant  exceptions  nie  northern  third  portion  of  the 
county  is  Hat  while  the  remsiinder  is  rolling  or  hiliy.  becoming  more 
and  more  broken  toward  the  Mississippi  river.  Thus  rolling  surface 
in  the  southern  portion  is  due  to  the  present  pose  of  the  drift 
materials,  and  not  to  any  upheaval  in  the  rocks.  The  tocks 
everywhere  lie  practically  horizontal,  but  they  have  been  eroded  by 
streams  in  numerous  instances,  prior  to  the  driftncpoch,  so  that 
there  are  deep  valleys  in  the  rocky  surface.  These  valleys  materially 
modified  the  manner  of  deposition  of  the  drift,  and  determined  its 
composition  at  special  points.  The  drift  materials  seem  to  have 
been  accompanied  by  more  water,  in  the  act  of  deposit  in  the  level, 
northern  portion,  than  in  the  southern,  and  have  also,  since  their 
deposit,  been  smoothed  off  by  the  same  agency,  during  the  preva- 
lences of  a  second  glacial  epoch.  The  loam  that  is  spread  over  the 
most  of  the  county  is  the  sole  product,  in  the  most  of  Ramsey 
county,  of  this  second  glacial  epoch,  but  it  was  spread  by  water 
instead  of  ice.  Where  the  old  drift  clay  is  visible  in  the  northern 
part  of  the  county  it  appears  as  gravelly  ridges  rising  slightly  above 
the  flat  country  round  about,  and  is  then  but  very  slightly  covered 
with  the  loess  loam.  This  loam,  however,  is  conspicuous  and 
abundant  over  the  most  of  the  county,  particularly  in  the  eastern 
portions. 

The  Mound  View  Hills,  in  Mound  View  towiship,  afford  the 
most  important  instance  of  the  prevalence  of  the  old  hordpaa  drift 
above  the  general  flatne^  of  the  country  in  that  part  of  the  county. 
They  are  in  Sees.  10  and  15,  T.  30  N.  R.  23  W.  They  rise  about 
100  feet  abruptly  above  the  valleys  which  separate  them,  and  about 
200  feet  above  Rice  creek  valley.  They  consist  outwardly  of  red 
gravelly  hardpan,  but  they  prot«bIy  have  a  nucleus  of  harder  rock. 
Then:  remoteness  from  the  main  belt  of  the  Trenton  makes  it  less 
likely  that  their  rocky  nucleus  is  of  that  formation.  The  Potsdam 
sandstone,  as  a  quartzyte,  rises  in  monoclinal  hills  in  other  parts  of 
the  State  round  the  areas  of  the  St.  Peter,  and  forms  several  such 
rocky  knobs.  In  this  case,  if  this  quartzyte  be  the  cause  of  these 
hills,  the  original  rocky  knobs  served  as  gathering  places  for  a 
greater  abundance  of  morainic  drift.  For  farther  illustrations  of 
similar  phenomena  iu  Minnesota  the  reader  is  referred  to  the  Second 
Annual  Report  p.  193.  This  series  of  knolls  does  not  extend  far  in 
any  direction,  their  principal  elongation  being  N.  and  S.  There 
are  three  principal  hills.  They  are  scantily  timbered  with  Burr 
Oak.     The  lands  about  have  comparatively  but  few  Burr  Oaks. 
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Xatural  Drainage, 

The  most  of  the  county  is  drained  southwardly  into  the  Missis- 
sippi. But  the  streams  are  small,  and  expand  into  lakes  at  irequent 
intervals.  In  the  northern  part  of  the  comity,  where  the  most  of 
these  lakes  are  situated,  there  is  less  diversity  of  surface,  and  some- 
times the  streams,  and  the  lakes  themselves,  are  skirted  by  extensive 
marshes  or  "hay  meadows."  In  the  northwestern  part  of  the 
county  the  natural  drainage  is  toward  the  northwest,  and  reaches  the 
Mississppi  through  Rice  creek.  The  Miasissippi  river,  which  runs 
along  the  southern  boundary  of  the  county,  lies  in  a  deep  valley 
which  is  about  two  hundred  feet  below  the  general  upland.  The 
streams  which  enter  it  generally  pass  down  this  descent  gradually 
at  points  several  miles  distant  from  the  river  itself.  But  above  Fort 
Snelling  the  streams  enter  it  abruptly,  by  plunging  over  the  per- 
pendicular bluffe  of  rock,  by  which  the  river  is  everywhere  enclosed. 

The  lakes  of  the  county  are,  some  of  them,  large  and  deep,  and 
contain  pure  and  clear  water.  They  have  low  shores,  and  are  but 
little  below  the  general  level  in  the  northern  part  of  the  county, 
but  in  the  southern  they  are  in  deep  basins  in  the  general  surface, 
having  gravelly  shores  and  frequently  attractive  natural  surround- 
ings. White  Bear  Lake  in  the  northeastern  part  of  the  county, 
and  Lake  Como,  near  St.  Paul,  are  the  chief  of  these  lakes  that  serve 
as  summer  resorts;  though  there  are  several  other  large,  and  perhaps 
equally  pleasant,  in  the  central  part  of  the  county.  Some  of  these 
lakes  are  united  by  the  St.  Paul  water  works,  and  supply  the  city 
of  St.  Paul,  through  Lake  Phalen,  with  water  for  public  and  domestic 
purposes.  This  line  of  water  works,  by  means  mainly  of  artificial 
connections,  takes  its  supply  from  Pleasant  Lake,  passes  through 
Vadnais  Lake  (connecting  here  also  with  the  waters  of  Bass,  Lam- 
bert's and  Goose  lakes),  enters  Gervais  Lake,  then  Spoon  Lake  and 
finally  discharges  from  Phalen  Lake  through  an  acqueduct,  into  St. 
Paul.  Thus  an  artificial  water-course  is  established  from  the  northern 
to  the  southern  boundary-  of  the  county— flice  lake,  the  most  dis- 
tant with  evident  connection,  being  on  the  northern  boundary, 
partly  within  Anoka  county. 

The  water  that  issued  at  Fountain  Cave,  St.  Paul,  is  that  of  a 
creek  which  disappears  in  the  ground  about  half  a  mile  distant — 
toward  the  city. 
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Tte  knolls  themselves  are  evidently  "  tames,"  and  in  studying  tlieir 
cause  all  the  problems  of  the  glacial  epoch  are  brought  before  the 
mind.  They  are  now  supposed  to  have  been  formed,  so  far  as  the 
drift  is  concerned,  in  the  beds  of  streams  of  water  running  on  and 
through  the  ice,  and  in  openings  like  great  crevasses  formed  by  the 
underlying  rocky  knobs,  as  the  ice-sheet  passed  over  them.  These 
hills  are  conspicuous  objects  in  the  horizon  from  distant  points  in 
all  directions.  They  are  visible  from  the  high  land  in  Reserve 
township,  Sec.  16,  T,  28  N.  R,  3  W.,  and  from  their  summits  can 
be  seen  Anoka,  Hamline  University,  the  Reform  School,  the  spires 
and  smokes  of  Minneapolis,  some  of  the  buildings  of  St.  Paul,  and 
the  village  of  Onterville,  This  view  is  more  extensive,  but  not  so 
interesting  as  that  on  the  peninsula  on  Sec.  J6,  Reserve,  from  which 
point  these  hills  can  be  seen,  and  a  fine  view  can  be  had  over  the 
valleys  of  the  Minnesota  and  Mississippi  covering  Fort  Snelling  and 
Minneapolis  at  nearer  range. 

There  is  another  cluster  of  lower  clayey  and  gravelly  ridges  in  the 
northwestern  part  of  White  Bear  Township,  and  an  outlying  area 
of  Upper  Trenton,  causing  a  high  tract  in  the  southern  part  of  the 
same  township. 

The  southern  part  of  the  county,  mainly  occupied  with  the 
Trenton  formation,  is  generally  higher  than  the  northern.  The 
drainage  courses  which  pass  through  it  toward  the  Mississippi  lie  in 
deep  valleys,  which  are  surrounded  and  hid  by  hills  and  ridges  of 
drift.  These  hills  probably  are  due  primarily  to  a  rock-sculpture, 
older  than  the  drift,  but  the  drift  is  so  thick  that  the  rock  seldom 
appears  in  exposure  above  the  surface.  There  is  some  appearance 
of  the  former  extension  of  the  valley  of  Rice  Creek  much  further 
southward,  and  it  is  no  iloreasonable  suggestion  that  the  great 
Mississippi  itself  may  have  once  occupied  this  valley,  entering  the 
great  gorge  again  where  it  becomes  remarkably  widened  at  St.  ■ 
Paul;  but  the  evidence  is  entirely  topographical.  Such  as  it  is,  it 
is  perhaps  over-balanced  by  a  confusion  of  hills  and  high  drift- 
ridges  north  of  St.  Paul,  which  render  it  ini;iroiwbIp  that  the  Trenton 
is  anywhere  entirely  cut  through  fi-oni  tlie  Rice  f.'i-eck  valley  to  St. 
Paul,  as  would  have  been  the  Ciwe  if  the  .Mississippi  ever  passed 
through  there.  Other  evidences  of  this  hypothetical  position  of 
,  Paul  are  mentioned  under  the  head  of 
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Description  of  the  Towns  of  Ramsey  County, 

T.  28  N.  R.  22  W.  {FractiomJ)S.  part  of  McLean  and  part  of 
St.  Paul. 

This  town  shows  the  extremes  between  high  rolling  or  hilly  land 
and  low  alluvial  flood  plain.  The  blufl"  portion  east  of  the  Missis- 
sippi is  about  a  mile  and  a  half  wide  and  three  miles  long,  running 
north  and  south,  and  is  cut  by  east  and  west  valleys  and  by  trib- 
utary creeks,  so  as  to  have  a  rough  or  hilly  surface.  It  is  consid- 
erably more  than  half  covered  with  small  timber  (oaks  and  aspens.) 
The  rest  of  this  town  east  of  the  river  is  low,  and  largely  occupied 
by  hay  meadows  or  by  marsh.  A  belt  of  soft  timber  growing  to 
large  dimensions,  separates  it  from  the  river  channel.  On  the  west 
side  of  the  river  there  is  a  repetition  of  these  features,  but  in 
•reverse  order.  W.  St.  Paul  is  embraced  in  this  portion.  Area  in 
Ramsey  County  10,260.93  acres. 

T.  29  N.    R.  22  W.    New  Canada,  with  N.  paH  of  McLean  and 
N.  E.  part  of  St.  Paul. 

This  town  has  a  rolling  or  hilly  surface,  and  is  about  half  cov- 
ered with  timber.  Toward  the  north  it  is  more  flat.  Through  the 
central  portion  passes  the  canal  of  the  St.  Paul  Water  Works  and 
Phalen's  Creek.  It  has  several  large  lakes  and  also  several  marshes, 
but  the  most  of  the  town  is  arable  agricultural  land.  Area,  22,- 
467.09  acres. 

T.  30  N.    22  W.    White  Bbae. 

This  town  is  mainly  flat,  and  embraces  a  greater  water  area  than 
any  in  the  county.  It  also  has  several  large  marshes  in  the  north- 
em  and  centra!  portions.  It  has  a  small  area  of  more  elevated  land 
in  the  northwestern  comer,  east  of  Pleasant  Lake,  and  another  in 
the  southwestern,  south  of  White  Bear  Lake.  The  subsoil  is  a 
gravelly  clay,  which  sometimes  rises  to  form  also  the  soil,  but  the 
surface  soil  is  usually  either  a  sandj'  loam,  which  sometimes  be- 
comes too  light  for  good  farming,  or  is  a  clay  with  a  flat  surface. 
Area,  19,270.98  acres. 

T.28N.  23W.    {Fractimal.)   Reserve,  awrf  IT^.jpflrto/"  St.  Paul. 

This  town  has  a  rolling  and  generally  a  gravelly  clay  surface, 
and  is  either  timbered  with  small  oaks  and  aspens,  or  is  of  rolling 
prairie.  It  is  diversified  on  three  sides  by  the  binffs  of  the  Mis.sis- 
sippi.    It  contains  no  lakes  and  but  few  mai-shes.     Area,  8,326.54 
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T.  29  N.,  23  W.    (Fractional.)  Rose,  and  N.  W.  part  of  St.  Paul. 

The  southern  part  of  this  town  ia  high  and  rolling,  with  a  red 
clay  subsoil.  The  northern  part  is  more  sandy  and  flat,  embracing 
the  portion  round  Lake  Josephine  and  the  southern  part  of  Big 
Bass  Lake.  It  also  contains  Lake  Como,  with  a  number  of  other 
minor  lakes,  with  several  marshes.  These  are  mainly  in  the  north- 
em  portion.  Sections  16, 17,  21  and  22  are  mainly  of  prairie.  The 
rest  of  the  town  is  well  timbered.    Area,  18,917.87  acres. 

T.  30  N.,  23  W.  MoDND  Vibw. 

The  hills  already  described,  near  the  cent«r  of  this  town,  give  it 
its  name.  Aside  trom  these  hills  and  a  tract  along  the  S.  W.  cor- 
ner, the  whole  town  is  flat  or  gently  undalating,  and  has  a  rather 
sandy  soil.  This  sand,  however,  is  closely  underlain  by  an  imper-. 
vious  clay,  as  evinced  by  the  numerous  lakes  and  marshes  which 
are  found  within  its  limits.  Rice  Creek  is  aslow,  crooked  stream,  fre- 
quently skirted  with  marshes  or  hay  meadows.  The  town  is  some- 
what more  than  half  covered  with  small  oaks,  with  aspens  and  elms 
in  the  low  grounds.     Area,  21,881.12  acres. 

Elevations  in  Eamsei/  Coutity. 

Above  the  Ocean. 

Lowest  known  wat^r  in  the  Misfi.  R.  at  St,  Paul 676  feet. 

Highest  known  water  in  the  Mks.  R.  at  St.  Paul 697  feet 

Summit  between  White  Bear  Lake  and  St.  Paul  (8  feet  cut),  according 

to  the  St.  Paul  and  Duluth  R.  R 959  feet. 

Junction  at  White  Bear  Lake,  St.  Paul  and  Duluth  R.  R 920  feet. 

St.  Paul  fflid  Paoflc  Depot,  St.  Paul 689  feet. 

Baae  of  the  Capitol,  St.  Paul 782  feet. 

Bluffsbackof  the  Capitol,  head  of  Robert  street dOl  feet. 

Summit  avenue  bluff 910  feet. 

Junction  of  the  St,  Paul  and  Pacific  and  the  St.  Paul,  StiUwafer  and 

Trior's  Falls  R.  R.a 762  feet 

CrosBing  of  the  St.  Paul  and  Duluth  and  St.  Paul,  Stillwater  and  Tay- 
lor's Falla  R.  R.H 

Grade  of  St  Paul  and  Duluth  R.  R 817  feet 

Grade  of  St  P.,  S.  ft  T.  F.  R.  R 797  feet. 

fi_j.  .!■  .u.  ii.:i    fco*   DUD  -^  T^ayton'B  Bluff 696  feet. 

i  Timber. 

inty  has  a  clayey  subsoil,  with  a 
id  in  general  the  northern,  more 
soil,  with  a  sandy  I 
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spread.  There  are,  however,  many  spots  where  the  loess-loam  is 
thin  or  wanting,  where  the  subsoil  constitutes  also  the  soil ;  but  in 
the  southern  rolling  portions  this  circujustance  is  likely  to  afford  a 
clayey  soil,  while  in  the  northern  this  clay  ia  more  gravelly.  Along 
the  Mississippi  River  is  a  large  area  of  alluvial  Isind,  which  is  so 
wet  that  it  cantiot  be  depended  on  for  general  farming,  but  famishes 
a  great  deal  of  wild  hay.  There  are  also  some  higher  flats  along 
the  river  that  are  very  fine  for  farming.  The  county,  however,  ia 
not  generally  occupied  for  farming,  but  is  owned  by  non-residents. 
The  following  species  of  trees  and  shrubs  were  noted  in  the  ex- 
amination of  the  county. 

Querou  cocciiiea.     Wang.    Yar.  tinctoria.    Bartram. 

[Note. — This  is  the  tree  that  has  been  named  Qitercus  rubra  L. 
with  doubt,  in  former  reports.  It  is  what  is  known  oftenest  as 
"  Black  Oak,"  but  also  is  called  "  Quercitron,"  and  "  Yellow  Barked 
Oak."  Careful  observations  were  made  in  the  survey  of  this  county 
on  this  oak.  There  was  a  specially  favorable  opportunity  in  West 
St.  Paul,  wliere  were  seen  evidently  two  species,  of  oak,  the  black 
and  the  red,  yet  nearly  alike,  growing  In  a  ravine  in  the  same 
situation.  This  was  near  the  "  Farmer's  Hotel "  on  the  B.  aide  of 
the  street.  They  were  here  in  company  with  white  oak.  The  two 
species  here  growing  under  the  same  circumstances  showed  constant 
differences.  Several  trees  here,  of  each,  are  of  about  the  same  size, 
but  small.  The  general  habit  and  color  of  the  two  are  the  same, 
except  that  the  red  is  more  open-branched,  and  looser  in  the  top, 
having  fewer  dead  twigs  and  branches.  The  chief  distinctions  are 
in  the  leaf  and  fruit.  The  red-oak  leaf  has  the  same  general  shape, 
and  the  same  number  of  toothed  lobes  as  the  black,  but  the  central 
undivided  portion  is  wider  than  in  the  black,  and  the  whole  leaf  is 
longer  in  proportion  to  its  full  width;  hence  its  foliage  is  coarser 
and  heavier  than  in  the  black.  The  leaves  of  the  red  droop,  while 
those  of  the  black  turn  easily  with  the  wind,  and  stand  iu  all  posi- 
tions. In  the  fruit,  the  acorn  of  the  red  is  double  the  size  of  that 
of  the  black,  both  growing  onlast  year's  wood;  the  acorn  of  the  red 
rising  three  or  more  times  the  hight  of  the  shallow  cup,  while  that 
of  the  black  only  rises  about  twice  the  hight  of  the  cup.  The  cup 
of  the  red  is  generally  an  inch  across;  that  of  the  black  about  half 
an  inch  or  a  little  more. 

This  is  by  far  the  most  abundant  oak  in  the  county,  as  it  is 
throughout  the  southern  half  of  the  State;  but  there  are  some 
situations,  particularly  exposed,  high  hillsides,  like  the  tops  of  Mound 
View  Hills,  in  which  it  is  noticed  to  fail,  though  growing  abundantly 
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on  lower  levels,  and  to  be  replaced  by  the  Bar  Oak.  It  does  not 
frequently  appear  as  a  large  tree,  but  is  generally  less  than  ten 
inches  in  diameter,  or  simplf  has  the  size  of  shrubs,  intermixed  with 
JBur  Oaks  of  the  same  size.] 

QuercuB  rubr&.     L.     Red  oak. 

[Note. — At  present  this  oak  must  be  restricted  to  the  only  point 
at  which  it  has  been  identified,  viz.  West  St.  Paul. 

QuercuB  macrocarpa.    ISlehx.    Bur  Oak. 

QuercuB^ba.    i.    While  Oak. 

Ulmue  Americana.    £..    (PI.  Clajt.)    Willd.    American  Elm. 

Populua  tremuloides.    Jlifkx.    Aspen. 

Populua  fiTuididentata.    Miehx.    Great-toothed  Poplar. 

Populus  monilifera,    Aii.    Cottonwood. 

"niia  Americana.    L.    Basa. 

Negnndo  aceroides.    Mirarh.    Box  Alder. 

Jaf^anB  dnarea.    L.    Fiutteinut. 

Carya  amara.     XnH.    Bittemut. 

Fraiinus  Americana.     L.     ^Vhite  Aeh. 

Fraxinua  sambucifolia.     Lam.     Black  A.'h. 

Acer  nibnim.    L.     Red  Maple. 

Acer  saccharinum.     Wmiff.    Sufjar  M.ipk. 

Betula  alba,     rar,  poiniii folia.    Spuck.    (!*)    White  Birch. 

[Note. — About  some  of  the  lakes  becomes  12  and   14  in.  in 
diameter.] 

.  Larii  Americana,    iflchj-.    Tamarack. 
JuniperoB  Vir^iniana.     L.     Red  Cedar. 

[NoTK. — Large  trees  grow  at  Lake  Johannah,  and  also  along  the 
riicky  bluffs  of  the  Mississippi.] 

Salii  nigra.     Marshall.     (?)     (And  other  wiUowb), 
Ulmna  fiilva.     Michi.     Slippery  Elm. 
Pmnns  serotina.    Ehr.    Black  Cherry. 
Puius  Strobua.    L.     White  Pine. 

[Only  along  the  banks  of  the  Mississippi  alxive  Fort  Snelling.] 

Betnla  exceUa,  of  Amenarn  authors.    Gray  Birch. 

[At  Lake  Johannah.] 

Pninus  PennBylTanica.    L.    Small  Red  Cherry. 
Piunus  Americana,    Marsh.     Wild  Plum. 
Zanthoiylum  Americanum.    MiJl.    Prickly  A.^h. 
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Oatryft  Virginica.      Willd.    Ironwood. 

CarpiuUB  Ameiicajia.    Miehx.    Wat«r  Beech. 

Prunns  Virginiana.    L.    Choke  Cherry: 

Amelanchier  Canadensis.     Tarr  and  Gray.     Juaeberry. 

PyniB  coronana.     L.     American  Crab  Apple. 

Bubas  ocddentalis.    L.    Black-Cap  Raspbeny. 

Rabus  strigosiu.    iliehx.    Red  Raspberry. 

Rnbns  Tilloaoa.    Ait.     High  Btackberry. 

Ribes  Cyuosbati.    L.    Wild  Gooseberry. 

Bibea  rotondifoliiun.    Michx.    Smooth  Wild  Gooseberry. 

Ribes  lacostre.    Pair.  (?)  Swamp  Gooseberry. 

\Re&  a  smooth  fruit  in  racemes.] 

Sambncus  Canadenses.  L.    Elderberry. 

Spirsa  opulifolia.     L.  Ninebark. 

Spirffia  «alidfolia,    L.  Meadowsweet. 

Celds  ocddentalis.    L.  Hackberry. 

Alnoa  incana.     Wiild.  Speckled  Alder. 

Ainoe  semilata.    Ait.  Smooth  Alder. 

P^OTB. — Both  alders  are  found,  oflen  iu  company,  on  the  flats 
about  White  Bear  Lake,  but  the  smooth  rarely  exceeds  three  feet  in 
hight,  the  other  being  ten  or  fifteen.] 

Amorpba  caoesceas.    iVuff    Lead  Plant. 
Amorpha  fmticoso.    L.    False  Indi^^. 

[This  ha."*  very  much  the  appearance  of  a  small  locust.] 

Aristolochia  Sipho.    L'Her.  { ?)  Pipe  Vine. 

Rhus  fjlabm.    L,    Smooth  Sumac. 

Rhus  tTphina.    L.    Staghorn  Sumac. 

Rhus  Toxicodendron.     L.     Poison  Ivy.     (Tuttle  Lake.) 

Vitis  cordifolia.     Mickx.     Froat  Grape. 

SymphoricarpuB  occidentalie.     R.  Br.     Wolfberry. 

Corylus  Americana.     Walt.     Hazel. 

Comna  florida,    L.    Flowering  Dogrwood. 

Comus  Hericea.    L.    Silky  Come). 

Comos  altemifolia.    L.    Alternate-leaved  Cornel. 

Cotnus  paniculata.    L'llei:    Panicled  Cornel. 

Ceanothns  Americanus.     L.    Jersey  Tea. 

Vaccinium  corjmbosum.     L.     Vnr.  ara<Enum.  Swamp  Btueberry, 

Lonicera  parviflora..     [^m.     Small  Honeysuckle. 

OelastruB  scandens.     L.     Bittersweet. 

Ampelopsis  quinquefoha.    Michx.    Virginia  Creeper, 

Rosa  blanda.     Ait.     Early  Wild  Rone. 

Viburnum  Opidus.     L.    Higlibush  Cranberry. 

Comas  Etolonifera.    Miehr.    Bed-osier  Dogwood, 

Crattegus  coccinea.    L.    Thomappie. 
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There  ia  bat  little  lieavy  timber  in  the  coanty  ;  yet  it  is  nearly 
all  covered  with  smalt  trees  and  shrubs.  Tlie  uplands  and  the  flat 
parts  of  the  county  are  furnished  with  black  aail  bur  oaks  and 
poplar.  The  rest  of  the  above  species  of  trees  are  foand  in  excep- 
tional situations,  as  along  the  shores  of  lakes  or  strenins,  or  in  th« 
flood  plain  of  the  Mississippi  river.  Several  species  aro  also  pecaliar 
to  the  rocky  blul^. 

THE  OEOIOOICA.L   BTRl'CTUKE. 

The  formations;  that  will  here  be  described,  embraced  withia  the 
coanty,  are  as  follows: 

1.  The  St.  Peter  Sandstone. 

2.  The  Lower  Trenton  Limestone. 
Z.    The  Green  Shales. 

4.  The  Upper  frentoa. 

5.  TheDnit. 

6.  The  Loe^s  Loam. 

The  St.  Peter  Sandstone  underlies  the  northern  flat  and  sandy 
portion  of  the  county  and  the  alluTial  portions  along  the  Missir 
sippi,  outcropping  in  the  bluffs. 

The  Lower  Trenton  is  that  quarried  at  St.  Paul,  and  its  area  is 
not  distinctly  separable  from  that  of  the  other  three  members  of  the 
Trenton.  These,  taken  together,  underlie  the  hilly  and  clayey 
parts  round  St.  Paul  and  extend  in  diverging  arms,  one  toward  the 
northeast  and  one  towards  the  northwest.  Between  these  arms, 
which  embrace  all  three  parts,  is  an  area  which  includes  the  north- 
western parts  of  New  Cuiada  and  the  northeastern  parts  of  Rose 
townships,  that  is  probably  underlain  only  by  the  Lower  Trenton. 
All  of  these  members  underlie  the  township  of  Rose  in  general, 
and  the  eastern  part  of  New  Canada.  They  would  also  be  found 
in  the  high  portions  of  the  east«m  part  of  McLean.  The  key  to 
this  distribution  is  found  at  St.  Paul,  and  in  the  hills  south  of  White 
Bear  Lake,  where  certain  features  of  the  topography  are  found  to 
coincide  with  their  presence,  and  another  set  of  topographical 
features  to  prevail  in  their  absence.  These  topographical  indica- 
tions are  almost  the  sole  guide  in  thus  assigning  the  parts  of  the 
Trenton  to  different  parts  of  the  county,  on  account  of  the  abun- 
dant drift  with  which  the  county  is  covered. 
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The  St.  Peter  Sandstone. 

This  sandstone  is  seen  in  the  bluffs  of  the  Mississippi  from  Fort 
Snelling  to  the  southeastern  corner  of  the  county;  and  by  reason 
of  the  breaking  down  of  the  overlying  Trenton  wherever  fonuer 
drainage  streams  have  run,  and  the  easy  erosion  of  this  rock,  it  also 
becomes  the  surface  rock  in  a  number  of  tributary  valleys.  In  the 
city  of  St.  Paul  there  is  a  large  expansion  of  the  St,  Peter  area  over 
the  low  level  through  which  Phalen's  creek,  and  others,  enter  the 
Mississippi,  which  extends  more  than  a  mile  north  of  the  river. 
Further  south  are  several  such  re-entrant  areas  in  McLean  town- 
ship. The  wide  bottom-land  east  of  the  river,  in  McLean  township, 
is  represented  on  the  geological  map  of  the  county,  as  St.  Peter, 
but  it  is  possible  that  the  Shakopee  limestone,  which  is  shown  at 
Ked  Rock,  some  further  south,  extends  as  the  surface  rock  within 
Ramsey  county,  under  the  alluvium. of  the  floodplain,  but  it  is 
nowhere  visible.  At  the  most  it  can  occupy  but  a  small  area.  The 
St.  Peter  is  about  150  feet  thick.  It  has  no  noteworthy  variations 
of  character,  as  far  as  seen  in  Bamsey  county,  and  it  has  already 
been  described  so  many  times  that  its  lithological  features  need  not 
be  delineated  ^ain. 

The  Lower  Trenton. 

This  is  what  Dr.  Owen  styled  "St.  Peter's  Limestone,"  in  his  final 
report  on  the  Geology  of  Wisconsin,  Iowa  and  Minnesota,  and  which 
Dr.  B.  F.  Shumard  divided  into: — 

1.  Upper  Shell  limMtone.        F.  3.  c. 6  ft. 

2.  Non-fOMfliferoua  Bed.         F.3.b 5fl. 

3.  Loww Sbelllimestone.       F.S.a 23ft. 

In  later  reports,  particularly  those  of  the  Wisconsin  geologists,  they 

were  designated  as  the  "Buff  Limestone,"  and  the  "Blue  Limestone," 

the  former  lying  below  the  latter.     These  terms,  however  were 

strictly  applicable  only  to  formations  in  Wisconsin,  but  by  inference 

were  extended  to  cover  the  geological  horizon  at  St.  Paul  and  the 

Falls  of  St.  Anthony.    The  Blue  Limestone,  however,  of  northern 

Wisconsin  seems  to  have  been  regarded  by  Dr.  Lapham  as  the 

equivalent  of  the  Hudson  River  Group,  of  New  York,  and  also  of  a 

formation  of  the  same  name  in  Ohio,  where  the  term  originated, 

and  supposed  to  lie  entirely  above  the  proper  Trenton.*    These 

•When  this  term  was  orlglnftlly  appUed  to  the  Ohio  rocks  they  were  regarded  a»» 
eontlnuatloii  of  the  TreutOQlluieatODe  of  New  York. 
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terms  seem  still  tbe  more  inapplicable  to  the  limestones  seen  at  St. 
Paul  and  St.  Anthony  Falls,  since  the  t«rms  "buff"  and  "blue" 
should  be  in  reverse  order.  The  "Lower  Shell  limestone"  is  more 
ftequently  blue  than  the  Upper  Shell  limestone,  and  is  always  so 
on  tiresh  quarrying.  The  latter  is  rather  a  dirty  gray  or  drab,  ap- 
pearing somewhat  like  a  fine-grained  sandstone,  and  is  often  harsh 
to  the  touch. 

Later  still  the  whole  of  the  limestone  exposed  at  St.  Paul  was 
classed  by  Prof.  James  Kail  tu>  the  equivalent  of  the  Wisconsin 
"  Buff  Limestone,"  the  "  blue  limestone"  being  some  higher  mem- 
ber not  distinctly  recognized  in  Central  Minnesota,  but  in  the  light 
of  further  observations  now  known  to  be  what  haa  been  des^^nated 
by  this  survey  as  the  "  Upper  Trenton,"  at  its  chief  exposures  in 
the  southern  part  of  the  state,  but  which  has  not  until  the  present 
been  discovered  as  far  north  as  St.  Paul.  At  the  same  time  (Geol- 
ogy of  Wisconsin,  Vol.  I,  p;  33.— 1862.)  Prof.  Hall  regards  the 
Buff  Limestone  as  the  equivalent  of  the  New  York  "  Birdseye'* 
and  "Black  River"  limestone.  In  the  meantime,  the  "Blue  Lime- 
stone" in  Ohio  has  become  enlarged  into  the  "Cincinnati  Group," 
and  the  (Trenton  in  that  state  involved  so  closely  with  it  that  its 
identity  is  nearly  or  wholly  lost.  On  the  west  of  the  Mississippi, 
however,  the  Trenton  has  been  shown  to  have  a  full  development, 
and  even  to  take  on  a  peculiar  phase  designated  '^  Galena,"  while 
the  aluminous  phase  so  largely  developed  at  Cincinnati  has  only 
been  recognized  in  the  "  Maquoketa  Shales"  of  Dr.  White. 

Still  more  recently  Prof.  Chamberlain,  of  the  Wisconsin  survey, 
hasshovm  (Geology  of  Wisconsin,  Vol.  II,  1873-77)  that  the  lith- 
olc^cal  differences  commonly  relied  on  to  distinguish  the  "blue" 
^om  the  "buff"  are  not  general  nor  reliable ;  that  there  is  no  chem- 
ical distinction  which  holds  good,  and  that  the  fossils  of  the  "buff," 
as  heretofore  limited,  are  also  to  be  found  above  the  "blue."  Hence 
he  regards  them  as  essentially  one.  Further,  in  the  northern  part 
of  the  State  he  states  that  even  the  Cincinnati  Shales  and  Lime- 
stones are  undistinguisbable  by  any  satisfactory  line  of  demarkatiou 
from  the  Trenton  limestone,  and  includes  that  vrith  the  rest,  under 
the  general  term  "  Trenton  Group." 

With  these  preliminary  remarks  it  vrill  be  understood  that  the 
term  Lotcer  Trenton  is  not  supposed  to  convey  any  greater  sig- 
nificance than  an  appropriate  designation  for  a  local  lithological 
phase,  by  which  the  lower  part  of  the  great  Trenton  Group  is 
easily  distinguished  from  the  rest  in  the  state  of  Minnesota. 

Wherever  the  base  of  the  Trenton  has  been  seen  in  Minnesota, 
it  has  been  found  to  consist  of  about  25  feet  of  calcareous  firm 
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beds  (Bometimes  with  some  shaly  layers),  which  give  great  prom- 
iueiicd  to  this  geological  horizon  in  the  topographical  effects  which 
they  produce.  They  are  underlain  by  an  erosible  sandrock,  and 
overlain  by  a  varj-ing  thickness  of  green  shale.  The  underlying 
sandrpck  crumbles  away,  letting  the  limerock  project,  but  the  over- 
lying shale  sheds  theisurface  waters  that  would  otherwise  disin- 
tegrate the  limerock.  These  combine  to  preserve  the  limerock  and 
to  cause  it  to  project  in  long,  prominent  headlands,  and  to  form  the 
brows  of  ridges  and  terraces  which  diversify  several  counties  in  the 
southeastern  part  of  the  state.  The  thickness  of  the  overlying 
shale  has  heretofore  not  been  supposed  to  exceed  twenty  feet,  but 
observations  made  in  Ramsey  county  go  to  show  that  the  whole 
upper  Trenton,  so  called  in  the  southern  part  of  the  state,  is  here 
changed  to  a  calcareous  shale,  with  thin  limestone  layers,  perfectly 
comparable  to  the  Cincinnati  shales  and  limestone  of  Ohio. 

In  Ramsey  county  this  lower  Trenton,  or  "Buff"  hmestone,  as 
Dr.  Owen  at  first  designated  it,  is  separable  into  three  parts  which 
have  pretty  constant  charactere,  and  they  are  approximately  aa 
given  above  from  Dr.  Shumard. 

1.  Impure,  harsh,  drab  or  dirty  buff  limeatone,  conbdniii^  . 

lumps  of  calcite  amd  epedee  of  Strophomena  and  (hihia, 

with  other  foemls S-10  fM. 

2.  Shale,  and  calcwreons  shale  with  fragments  of  fbsaila 6-10  i^et. 

3.  limetrhme,  with  aluminous  paitin^.     This  is  the  bQilding 

etone  of  St.  Paul.  The  mingling  of  shaly  and  calcareous 
parte  thmaghout  this  limeatoue  causes  the  dressed  sur- 
&ces  of  large  slabs  to  have  a  blotched  or  mottled  sui&ce, 
particularly  when  the  dressed  side  coincides  widi  the 
natural  bedding.  This  member  is  the  most  permstent  of 
the  Lower  Trenton,  but  splits  into  thin  layers  on  long  ex- 
posure, due  to  the  loosening  of  the  shale  Uiroughout  the 
mass.  This  contains  fossils  characteristic  of  the  Trenton, 
Imt  generally  in  fragmentary  condition 15  feet. 

Besides  the  three  main  parts  above  described  there  are  also  several 
thin  beds  of  green  shale  in  No.  1,  which  seem  not  to  be  confined  to 
any  definite  horizon,  and  nearly  always  a  layer  of  green  shale  below 
No.  3. 

In  sections  of  the  bluffs  at  St.  Paul  given  in  Dr.  Owen's  final 
report,  this  limestone  is  repre^nted  as  greatly  broken  and  even 
laulted  along  the  river  from  Fort  Sneliing  to  St.  Paul  and  especially 
in  the  vicinity  of  New  Cave  (now  knovm  as  Foimttun  Cave)  near  the 
railroad  bridge  of  the  Milwaukee  and  St.  Paul  R.  R.  This  locality 
was  specially  examined.  The  layers  of  the  limerock  are,  it  is  true, 
disturbed  along  the  immediate  river  bluff  and  are  mixed  in  some 
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confusion  with  coarse  drift,  but  at  points  farther  from  the  river 
the  beds  continue  along  horizontal  and  unbroken,  so  that  the  for- 
mation itself  cannot  be  said  to  be  disturbed.  Dr.  Owen  attributes 
rightly  this  broken  condition,  so  far  as  the  blocks  seem  to  lie  on 
drift  materials,  to  the  action  of  water,  and  probably  that  of  the- river 
at  some  higher  stage.  The  beds  were  undermined  and  dislodged, 
but  were  not  transported.  Probably  floating  masses  of  ice,  during 
the  last  glacial  epoch  which  did  not  ext«nd  as  a  continuous  ice-sheet 
east  of  this  place,  in  Minnesota,  played  an  important  part  in  dis- 
placing these  limestone  blocks,  and  in  depositing  among  them  the 
water-worn  drift, 

Tke  Green  Shales  and  Upper  Trenton. 

The  first  intimation  of  the  existence  of  any  rock  in  situ  in  Ramsev  ' 
county,  above  the  Green  Shales  as  they  have  been  described  in 
counties  further  south,  and  in  Hennepin  county,  was  found  in  the 
drilling  of  the  well  at  the  State  Reform  School  near  St.,Paul.  This 
was  ordered  by  the  legislature  of  1877,  and  was  done  by  C.  B. 
Whelpley  of  Minneapolis.  Mr.  F.  McCormick,  Secretary  of  the 
State  Reform  School,  has  furnished  the  following: 
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braced  in  the  term  Hudson  River  Group,  whiclj  had  before  been 
applied  to  a  mass  of  shales  that  are  now  known  to  be  much  lower. 
On  account  of  this  error  the  term  Cincinnati  Group  has  been  gen- 
erally substituted. 

On  the  other  hand  in  Iowa  and  southern  Wisconsin  and  Minne- 
sota, the  Trenton  limestone  is  found  to  pass  into  the  Galena  by  slow 
stages  and  to  be  followed,  at  least  in  Iowa,  by  a  greatly  reduced 
re^ffesentative  of  the  Cincinnati  Group,  named  by  Dr.  White  the 
Maquoketa  ishales.  Leaving  Iowa  and  passing  into  Minnesota  the 
Trenton  limestone  increases  in  thickness,  and  the  Galena  diminishes, 
the  latter  becoming  interetratified  with  beds  of  shale.  In  Olmsted 
conuty,  still  further  north,  the  Trenton  also  contains  numerous 
beds  of  shale  and  the  Galena  is  still  further  reduced.  The  beds  are 
traceable  by  continnous  or  Irequent  outcrops  throughout  Goodhue 
and  Bice  counties,  with  an  increasing  amount  of  contained  shala 
in  the  Trenton,  and  finally  with  the  total  loss  of  the  Galena.  On 
account  of  the  soft  and  shaly  nature  of  the  upper  beds,  by  the  time 
they  reach  Ramsey  county  they  are  so  covered  with  the  greater 
drift  accumulations  that  their  presence  so  far  north  had  not  before 
been  suspected.  Here  is  an  ascertained  horizontal  change  in  the 
character  of  the  beds  of  this  formation,  between  the  soutnem  and 
central  portions  of  Minnesota,  which  brings  up  the  question  as  to 
the  designation  they  should  bear  at  St.  Paul.  They  are  the  hori- 
zontal equivalents  of  what  has  been  recognized  as  the  Trenton  form- 
ation in  the  southern  part  of  the  State,  and  in  neighboring  States, 
and  contain  the  same  fossils ;  but  they  have  the  lithological 
.  character  and  the  geological  position  of  another  well  organized 
group  of  rocks  in  Ohio  and  northern  Wisconsin.  The  eastern  Cin- 
cinnati fossils  are  also  the  western  Trenton  fossils.  Here  we  have 
two  equally  well  established  names  for  the  same  series  of  beds. 

The  cause  of  this  gradual  change  in  the  formation  from  dolomitic 
limestone  to  a  pure  limestone,  and  then  to  an  argillaceous  lime- 
stone, and  at  last  to  a  mass  of  calcareous  shales,  is  to  be  sought  for 
in  the  character  of  the  ocean's  bed,  and  the  nature  of  the  water  and 
its  currents,  in  the  Silurian  ocean.  And  here  it  is  only  necessary 
to  apply  a  well  known  law  of  ocean  sedimentation,  viz.;  the  tu-arer 
the  shore  the  shalloicer  the.  water,  and  the  courser  the  sediment.  This 
seems  to  make  dolomitic  limestones  in  the  deepest  waters,  ordinary 
limestone  in  deep  water,  aud  shales  and  sandstones  in  shoal  water. 
The  strike  of  the  formation  under  consideration  passes  through  all 
these  conditions  and  directly  toward  the  metamorphic  area  of  the 
State  which  lies  but  little  further  north.  Hence,  at  St.  Paul  the 
water  was  much  shallower  than  at  Rochester,  and  the  sedimenta- 
tion was  much  coarser :  while  at  Rochester  there  was  much  more 
shaly  sediment  than  at  Dubuque.  The  direction  of  the  strike  of 
these  rocks  in  New  York  State  is  along  the  shore-line  of  the  ancient 
ocean,  and  hence  the  opportunity  for  noting  this  change  was  much 
less  favorable.  In  Wisconsin  and  Minnesota  the  strike  is  north 
and  south,  and  in  Minnesota  rapidly  approaches  the  ancient  shore- 
line. 
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The    Drift 

While  the  comity  is  wholly  covered  with  a  red  hardpan  clay, 
believed  to  be  of  the  age  of  the  first  glacial  epoch,  it  shows  some 
Tariations  that  require  speeiii]  nieotion.  aud  is  also  furnished  with  a 
lake  deposit  which  forms  the  surtace  soil. 

At  St.  Paul  the  red  hardpan  is  found  uniformly  in  excavating  for 
buildings  in  4II  that  low  area  about  the  levee,  and  in  the  deep  cuts 
through  the  gravelly  bluff  north  of  E.  Third  street.  Althoagh 
here  it  is  covered  with  sometimes  more  than  forty  feet  of  lighter- 
colored  drift  material,  it  emerges  from  under  these  immediately  ou 
getting  outside  the  valley  either  north  or  south,  and  is  covered,  but 
sometimes  thinly,  with  the  loes:^  luam.  This  overlying  loose  driit  is 
found  along  the  Mississippi  valley  throughout  the  county,  and 
everywhere  shows  the  action  of  water  in  its  deposit.  It  veryseldom 
conkkins  any  clay,  and  when  it  does  the  clay  is  stony  and  has  a 
difierent  color  from  the  red  hardpan  clay.  Above  Fort  Snelling, 
and  in  the  western  part  of  Reserve  and  Rose  townships,  the  red 
hardpan  has  not  the  same  clayey  and  unmodified  character  that  it 
has  in  the  eastern  part  of  the  county.  It  seems  to  have  been  washed 
by  water,  and  in  that  manner  to  have  lost  some  of  its  clay,  while 
there  are  localities  where  materials  of  a  different  color,  particularly 
gravelly  deposits,  are  superimposed  or  mixed  with  it,  so  that  sections 
seen  along  the  western  part  of  University  Avenue  have  a  confused 
arrangement  and  mingling  of  the  coarse  water-worn  materials  of 
both  the  red  hardpan  and  the  gray,  with  occasional  patches  of  gray 
hardpan.  This  water-washed  condition  also  prevails  in  the  low 
gravelly  knolls  and  ridges  that  are  seen  occasionally  in  the  northern 
flat  part  of  the  county,  but  without  any  intermisture  of  materials 
referable  to  the  gray  hardpan.  In  the  high  and  rolling  tract  occu- 
pied by  the  Upper  Trenton,  this  red  hardpan  shovra  to  the  best 
advantage,  whether  in  the  western  or  eastern  part  of  the  county. 
In  the  deep  excavations  made  in  St.  Paul  this  red  hardpan  is  seen 
to  be  overlain  by  a  fine  red  laminated  clay,  which  is  probably  of  the 
same  nature  and  origin  as  the  so-called  Tripoli  found  at  Stillwater, 
the  thickness  of  which  sometimes  reaches  six  or  eight  feet,  but 
which  in  some  places  is  entirely  wanting.  This  seems  to  be  related 
to  the  underlying  hardpan  sheet  somewhat  as  the  laminated  brick 
-  clays  and  loams  of  later  date  are  to  the  gray  hardpan  which  tiney 
overlie,  and  was  deposited  during  the  waning  period  of  the  former 
glacial  epoch,  and  when  water  was  abundant  but  comparatively 
quiet. 
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^Vl^at  has  now  been  described,  i.  e.  the  red  hardpan  and  the  red 
laminated  clay  overlying  it,  were  the  products  of  a  glacial  epuch 
which  brought  its  materials  from  the  north  uLd  northeast,  the  red 
color  being  due  to  the  prevalence  of  the  debris  of  red  sand- 
stone, shale,  and  other  iron-charged  rocks  that  are  developed 
largely  in  the  vicinity  of  Lake  Superior.  Whether  this  ice-period 
preceded  or  followed  the  excavation  of  the  immense  gorge  of  the 
Mississippi  which  is  visible  southward  firom  Dayton's  Bluff  in  St. 
Paul,  is  not  ascertained  by  any  observed  facts,  but  several  consider- 
ations would  require  a  date  subsequent  to  that  excavation — or  to 
the  greater  portion  of  it.  It  is  probable  the  Mississippi  began  to 
excavate  that  gorge  at  the  time  of  the  elevation  that  brought  the 
upper  Trenton  (or  the  Cincinnati)  above  t^e  Silurian  ocean,  an  event 
which  has  been  taken  to  divide  the  Silurian  in  America  into  two 
parts,  the  upper  and  the  lower.  In  that  case  it  is  the  oldest  portion 
of  the  Mississippi  gorge  at  present  known,  and  has  since  that  event 
carried  off  the  waters  of  the  Metamorphic  land  areas  of  Wwconsin 
and  Minnesota.  The  St.  Croix  valley  seems  to  be  equally  old,  and 
perhaps  served  tor  the  drainage  mainly  of  the  Wisconsin  area, 
while  this  carried  only  the  waters  of  the  Minnesota  area,  tlie 
two  uniting  then,  as  now,  at  or  near  Hastings,  The  sculptur- 
ing of  the  rocks  into  canyons  in  the  western  portion  of  Wisconsin, 
and  their  uniform  trend  southwestwardly  show  they  must  always 
have  reached  either  the  ocean  or  a  great  river,  lying  in  that  direc- 
tion. Isolated  areas  of  the  Trenton  in  northwestern  Wisconsin,  as 
well  as  in  central  Minnesota,  left  to  the  present  without  destruc- 
tion, though  surrounded  by  larger  areas  of  older  formations  deeply 
cut  by  the  same  forces  into  gorges  and  wide  valleys,  point  directly 
to  the  close  of  the  Lower  Silurian  as  the  starting  point  of  the  his- 
tory of  this  part  of  the  Jtfississippi  valley.  The  rest  of  the  valley- 
gorge,  even  to  the  Gulf  of  Mexico,  being  composed  of  much  later 
formations,  must  have  been  unformed,  even  buried  in  the  slowly 
accumulating  sediments  of  the  ocean  for  many  ages  later.  If  some 
portions  of  it  are  wider,  or  deeper,  than  this,  it  is  due  to  greater 
volume  of  water,  and  to  softer  rocks,  not  to  greater  age.  It  is 
probable,  then,  that  the  advent  of  the  first  glacial  period  did  not 
divert  the  Mississippi  river  from  its  channel  below  St.  Paul.  But 
the  valley  is  much  narrower  above  St.  Paul  than  it  is  below,  and 
this  continues  indefinitely  southwestwardly  by  way  of  the  Minne- 
sota valley.  This  is  very  noticeable  on  examining  the  geological 
map  accompanying  this  report.  There  is  also  a  significant  change 
in  the  direction,  and  one  the  more  significant  as  it  seems  not  to  have 
been  due  to  any  rock  formation  existing  at  St.  Paul,  but  directly 
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contrary  to  the  rock  sculpturing  that  eiista  there  fororable  to  the 
coatinaance.  of  the  river  in  any  preoccupied  valley  runninx  in  the 
same  direction.  Allusion  has  been  made  to  a  possible  ancient  gorge 
through  the  Trenton  north  of  St.  Paul  in  describing  the  surface 
features  of  the  county,  but  in  the  geological  map  of  the  county  do 
such  gorge  is  represented,  because  it  never  has  actually  been  dis- 
covered, and  its  hypothetical  location  would  perhaps  be  of  no  ser- 
vice. 

These  anomalous  and  significant  facts  can  all  be  reasonably  ex- 
plained on  the  supposition  that  the  Mississippi  river  was  diverted 
from  its  ancient  valley-gorge,  north  of  St.  Paul  by  the  ice  and  drift 
of  the  first  glacial  epoch,  and  that  it  was  driven  into  that  which  has 
been  described  in  the  repa^  on  Hennepin  county,  toward  the  west 
further,  and  joined  the  Minnesota  valley  at  some  point  above  Fort 
Snelling,  but  between  that  point  and  Shakopee,  without  passing 
over  or  through  the  Trenton  limestone  at  all.  Tbeir  united  waters 
then  formed  the  river  which  excavated  the  gorge  between  Fort 
Snelling  and  St.  Paul  (unless  the  Minnesota  alone  had  already  done 
it)  between  the  first  and  second  glacial  epochs. 

When  the  second  glacial  epoch  came  on,  the  country  must  have 
been  more  or  less  covered  with  constant  or  periodical  ice  sheets  ior 
many  miles  south  of  the  line  limiting  actual  glacier  movement. 
These  minor  local  and  seasonal  ice-areas  produced  their  subordinate 
effects,  but  so  similar  to  those  of  the  great  moving  glacier  itself  that 
it  is  rendered  very  difBcult,  except  with  the  aid  of  certain  marked 
differences  in  the  nature  of  the  transported  material,  or  some  fortu- 
nate topographical  or  other  evidence,  to  define  the  area  of  the  second 
great  glacier  as  compared  with  that  of  the  first.  These  local  ice- 
areas,  which  could  not  have  had  much  movement  as  ice,  served  to 
disturb  the  surface  of  the  old  drift,  and,  bj~the  water  they  afforded 
on  breaking  up  periodically,  to  carry  away  the  clayey  parts,  and  to 
mix  superficially  the  materials  of  the  new  drift  with  the  old.  At 
points,  like  that  of  Hennepin  and  Ramsey  counties,  where  a  great 
river  course  conjperates  to  mix  these  materials,  wc  would  necessarily 
see  the  new  extending  farthest  over  the  old,  and  even  the  effects  of 
ice  in  large  masses  extending  down  the  valleys  further  than  on  the 
uplands. 

In  Hennepin  county,  and  generally  over  the  northwestern  part 
of  the  State,  are  evidences  that  the  ice  of  the  second  glacial  epoch 
moved  rather  from  the  northwest  than  from  the  northeast.  (See 
Hennepin  county  report,  1876.)  The  washed  surface  of  the  old 
drift,  and  the  area  of  the  loess-loam,  both  indicate  that  Ramsey 
county  and  the  southeastern  part  of  Hennepin  were  not  disturbed 
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generally  by  the  glacial  ice  of  thia  epocli.  The  disturbance,  however, 
was  sufficient  to  choke  up  again  the  Mississippi  river,  and  at  the 
mouth  of  Bassett's  creek  in  Minneapolis,  to  drive  it  to  the  east, 
as  follj  detailed  in  the  report  OQ  Hennepin  county,  thus  bringing  it 
into  the  channel  that  it  now  occupies  between  Bassett's  creek  and 
Fort  Sneliing. 

The  drift  of  the  second  glacial  epoch  is  found  as  a  stony  clay  in 
few  places  in  Ramsey  county.  In  some  of  the  excavations  at  St. 
Paul,  in  the  lower  portions  of  the  city,  a  gray  hardpau  is  found, 
and  there  may  be  a  considerable  of  it  even  under  the  water  of  the 
river  itself,  filling  a  deep  gorge,  but  it  lies  over  the  red  hardpjin 
when  that  also  is  present.  The  disintegration  and^wash  ^oni  the 
shales  of  the  Upper  Trenton  seems  also  to  have  mixed  with  the  drift 
at  St.  Paul  so  abundantly  as  to  produce  a  stouy  gray  clay  which  is 
hardly  distinguishable  &om  the  true  glacial  clay.  Some  parts  of 
Reserve  township  also  show  patches  of  the  gray  hardpan,  rather 
mixed  with  than  overlying'  the  red. 

As  a  gravel  or  course  sand,  the  product  of  the  second  glacial  epoch 
is  much  more  abundant  in  Ramsey  county.  The  gray  gravel  and 
sa:nd,  with  the  washed  limestone  pieces  and  boulders  composing  the 
blufis  and  hills  that  have  been  so  much  excavated  for  streets  at  St. 
Paul,  are  the  modified  product  of  the  second  glacial  epoch,  modified 
at  the  time  of  their  origin  and  deposition  by  the  water  resulting 
from  the  disintegrating  margin  of  the  glacier  (perhaps  here  feebly 
extended  to  this  point)  but  augmented  by  the  co-operation  of  the 
natural  waters  of  the  Mississippi,  then  swollen  to  great  dimensions. 
The  same  deposit,  but  much  less  abundant,  produced  by  tke  same 
agency  (except  the  presence  of  the  Mississippi)  is  spread  over  much 
of  R^erve  or  Rose  townships,  and  has  already  been  alluded  to  as 
the  indirect  effect  of  the  second  glacial  epoch  over  the  pre-existing 
drift  surfaces. 

Occasional  pieces  of  northern  limestone  are  found  in  the  drift 
ridges  and  knolls  about  Mudhole  and  Fitzhugh  and  Gervais  lakes, 
and  two  pieces  of  native  copper  were  found  on  the  south  side  of 
White  Bear  lake,  near  the  Ramsey  county  line.  Indistinct  glacial 
marks  in  West  St.  Paul,  under  the  red  hardpan,  run  W.  N.  W-.; 
but  this  was  an  unsatislactory  observation. 

The  Loess  JUxim. 

That  this  deposit  is  the  result  of  widespread  diffusion  of  fresh 
water,  at  the  time  of  the  last  glacial  epoch,  over  those  surfaces 
either  drift-covered  or  not,  which  were  not  at  the  time  affected  by 
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the  glacier  moTement,  ia  highly  probable ;  but  what  the  peculiar 
circumstanceR  and  causes  of  such  gentle  diffusion  of  nearly  tranquil 
waters  were,  it  is  not  yet  possible  satisfactorily  to  detail.  The  loess 
loam  is  found  in  all  parts  of  Ramsey  qpunty,  but  it  varies  in  thick- 
ness and  in  composition.  It  is  thin  or  wholly  wanting  in  some 
rolling  gravelly  tracts,  and  is  very  thick  In  some  confined  valleys. 
It  is  sandy,  or  graduates  downward  into  sand,  in  much  of  the  not  la- 
ein  part  of  the  county,  particularly  in  Rice  Creek  valley,  and  in 
some  places  in  the  bluffs  of  the  Mississippi  below  St.  Paul,  and  it  ts 
line  and  somewhat  clayey  in  the  high  and  rolling  clay  tract  in  the 
eastern  part  of  the  county,  particularly  in  the  eastern  part  of  New 
Canada.  It  forms  n  very  fine  soil  for  farm  crops.  It  covers  the 
boulders  and  gravelly  clay  of  the  real  drift.  It  fills  some  old  valleys 
— indeed  is  always  thicker  in  valleys  than  on  the  uplands.  It  ie 
occasionally  stratified  and  pnssf^s  into  sand  below  in  places  where 
agitated  water  was  abundant  enough  to  have  moved  such  materials 
before  the  epoch  of  the  loam.  In  other  cases  it  is  placed  abniptly 
immediately  over  a  coarse,  gravelly  or  boulder-l>earing  stratum. 

In  the  southwestern  corner  of  the  state  (Rock  and  Pipestone 
counties)  there  is  a  grailual  chimge  from  stony  boulder-clay  to  the 
loess  loam,  horizontally,  in  piissing  from  the  Coteau  de  Prairie  (in 
LyoQ  and  Murray  counties)  southward  to  the  Iowa  state  line.  Ex- 
posures along  the  banks  of  creeks,  and  the  digging  of  wells,  make 
this  plain.  There  is  a  gradual  loss  of  boulders,  then  of  the  smidl 
stones,  then  of  gravel ;  and  an  equally  gradual  increase  of  the  char- 
acteristic features  of  the  loess-loam, — close,  clayey  consistency, 
crumblifig  in  the  air  like  slacking  quicklime,  and  white  limy  con- 
cretions. In  some  cases  the  concretions,  which  have  been  so  often 
mentioned  as  a  peculiarity  of  the  loess-loam,  are  in  the  same  deposit 
with  small  gravel  stones  of  northern  origin  ;  and  pieces  of  northern 
limestone.  The  drift  clay,  true  northern  boulder  clay,  the  product 
of  glaciers,  thus  changes  gradually  into  a  true  loess-loam,  the  pro- 
duct of  aqueous  agencies.  While  this  indicates  for  that  locality,  at 
least,  a  n^rging  of  one  force  into  the  other,  and  the  slowness  of  the 
change,  through  an  interval  of  about  50  miles  in  a  broad,  level,  open 
country,  it  perhaps  gives  the  key  to  the  events  that  occurred  in 
other  latitiidee  where  the  surface  was  more  broken,  and  where  the 
effects  are  more  complicated  by  not  having  all  the  steps  recorded. 
Just  as  in  the  older  geological  formations,  wherever  the  series  Is 
complete,  without  sudden  transitions,  the  history  is  best  known,  so 
in  the  history  of  the  drift,  where  the  effects  change  gradually,  are 
the  records  of  "  lost "  epochs,  and  these  "  beds  of  transition  "  need 
the  closest  scrutiny,  being  the  only  evidence  of  what  transpired 
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between  formations  which  in  other  regions  pass  abruptly  from  one 
to  the  other.  This  here  indicates  that  the  age  of  the  loess-loam  wa» 
cotemporary  with  that  of  the  boulder  clay  in  the  Coteau  de  Prairie. 
There  miist  be  some  explanatym  given  for  the  co-existence  of  these 
forces  which  spread  the  loam  and  those  which  brought  the  glacial 
drift.  In  other  words,  if  the  loam,  which  is  sometimes  a  laminated 
clay,  be  regarded  as  the  equivalent  in  age  of  the  fine  laminated  clay» 
of  the  great  lakes  and  of  other  high-water  marks  in  the  northwest, 
which  have  been  referred  to  a  distinct  "  epoch  "  by  Daua  and  others- 
(the  Champlain),  then  that  epoch  was  not  subsequent  in  time  to  the 
glacial  epoch  but  cotemporary  with  it,  and  its  phenomena  differ  &om 
those  of  the  last  glacial  epoch  because  they  have  been  studied  at 
distant  points  where  they  are  contrasted,  and  where  the  glacial 
winter  operated  differently.  Where  there  is  an  immediate  succes- 
sion of  superposition,  that  fact  in  the  drift  does  not  imply  immediate 
snccession  in  time  any  more  than  it  does  in  the  Silurian  rocks,  a 
fact  which  has  been  Ignored  many  times  ;  and  hence  have  resulted 
a  great  many  special  histories  and  theories.  The  loess-loam,  for 
instance,  lies  on  the  older  drift  clay  all  along  the  Mississippi  valley, 
and  has  generally  been  taken  to  prove  an  immediate  transition  from 
the  drift-epoch  to  the  loam-«poch,  when  really  a  long  period  of 
time,  involving  forest  growths  and  the  slow  on-coming  of  a  glacial 
epoch,  intervened,  the  loam  itself  passing  horizontally  into  the 
glacial  deposits  of  that  epoch. 

So  in  Ramsey  county  the  loam  has  been  seen  to  follow  by  insens- 
ible gradations  from  a  sand  or  even  a  fine  gravel,  the  change  here 
taking  place  perpendicularly.  In  this  case  the  coarser  deposit  below 
was  the  result  of  more  copious  and  more  agitated  water,  as  in  the 
binff-terraces  below  St.  PanI,  or  in  the  washed  materials  in  the 
western  part  of  Reserve  township,  and  the  loam  the  result  of  the 
diminution  and  more  quiet  state  of  the  same  waters.  Thus,  if  the 
waters  which  overspread  and  washed  the  old  drift  and  formed  the 
gravelly  terraces  of  the  Mississippi  came  from  the  ice-fields  of  a  con- 
temporary glacier  lying  further  north,  then  the  waters  which  spread 
the  loam,  a  Sner  deposit,  also  came  from  the  same  source,  operating 
a  little  later,  and  with  diminished  force. 

Wells  in  Ramseij  County. 

Oood  water  for  all  household  purposes  is  obtained  in  Ramsey 
county  with  little  effort,  in  shallow  wells  that  seldom  pass  through 
the  drift,  the  majority  of  them  being  less  than  twenty-five  feet  deep. 
Throughout  the  northern  portion  of  the  county  water  is  generally 
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found  in  sand,  or  below  a  sandy  ItMun,  which  also  rises  to  the  surfoc« 
forming  the  soil  and  subsoil.  The  underlying  clay  is  seldom  pene- 
trated to  any  great  depth.  But  in  the  southern  portion  wells  more 
frequently  are  deeper,  and  obtain  water  in  gravel  after  pamig 
through  Dot  only  the  surface  loam  but  also  a  greater  or  leu  amount 
of  red  clay. 

Material  Resources — Timber. 

The  county  is  generally  clothed  with  a  scant  forest  growth,  but 
the  trees  are  small.  There  ia  not  much  timber  of  any  sort  suitable 
for  lumber,  and  it  is  not  much  cut  for  fuel.  Farmers  cut  some  and 
haul  it  to  St.  Paul,  but  the  wood  fuel  of  St.  Paul  is  very  largely 
si^iplied  from  the  "Big  Woods,"  west  of  the  Mississippi  river. 

The  coaoty  has  generally  a  good  soil,  the  most  of  which  still  lies 
in  its  primeval  eondit-iou.  So  far  as  the  natural  resources  of  the 
county  are  concerned,  they -lie  in  its  soil  to  a  greater  extent  than  in 
any  thing  else.  ~    , 

Building  Siwie. 
\ 

The  stratum  of  the  Lower  Trenton  useXat  S!-.  Paul  is  the  same 
as  at  Minneapolis,  and  furnished  a  stone  slNpilar  in  ail  respects. 
The  stone  for  the  piera  of  the  bridge  over  the  M^iasippi  was  taken 
out  in  West  St.  Paul,  but  about  half  a  mile  abo^^Sjhe  bridge. 

The  quarries  in  West  St.  Paul  are  in  the  public*^J>^t'  ^^  "« 
worked  by  Adam  Rowe.  \ 

On  the  other  side  of  the  river,  Mr.  Sigler  has  quarriealP  "^P^™^*"^ 
,on  Stewart  Avenue,  near  Leech  street.  The  most  import''*  l"**^" 
riea  in  St.  Paul  are  near  the  State  Capitol,  but  there  ar^fK"^** 
many  other  small  openings  in  difTerent  parts  of  the  city. 

Although  this  formation  has  been  ased  in  the  majority  o^  , 
stone  buildings  in  St.  Paul,  and  makes  a  Une  appearance,  yet V 
tendency  to  disintegrate  has  caused  it  to  be  less  regarded,  and  iJP 
led  to  the  introduction  of  other  building  stone.     The  U,  S.  CustoP 
House  is  built  of  Sauk  Rapids  granite,   and  the  Baptist  Churcflv 
of  the  Shakopee  limestone  quarried  at  Kasota.  ^ 

Along  the  south  side  of  White  Bear  lake,  Sec.  32,  Gtrant,  Wash- 
ington county,  are  exposures  of  the  Trenton,  some  of  which  have 
been  opened  by  Messrs.  Walter  and  Weaver.  Another  is  on  the 
land  of  Mr.  Huffman  on  Sec.  30,  nearer  the  lake,  in  the  bluffs  facing 
northeast;  and  still  others  are  further  south  and  east.  There  is 
every  reason  for  expecting  as  good  building  stone  here  as  at  St. 
Paul,  except  that  the  beds  would  naturally  be  a  little  more  shaly 
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being  situated  nearer  the  ancient  shore  Une  when  the  deposit  was 
formii^,  and  for  the  same  reason  that  makes  the  Trenton  at  St. 
Paul  more  shaly  than  at  Faribault.  These  exposures,  however,  have 
not  been  much  worked,  and  do  not  seem  to  be  generally  known. 

Mills  and  Water-Powers. 

The  St.  Paul  Mills,  St.  Paul,  are  owned  by  Henry  Shaber.  and 
are  on  Phalen's  creek,  .  They  have  three  run  of  stone  for  flour  and 
one  for  feed.  Have  20  feet  fall  of  water,  and  turbine  wheel.  Only 
grind  for  custom  use. 

The  Brainerd  Mills,  (Thau  and  Ham),  have  three  runs  for  dour 
and  one  for  feed,  and  are  also  in  Phalen's  creek,  with  30  feet  fall  and 
turbine  ;  custom  and  shipping. 

The  City  Mills,  (Lownsman,  owner)  St.  Paul,  have  two  runs  of 
stone  for  flour,  and  19  feet  fiJl ;  custom  only. 

The  North  Star  Mills  are  also  at  St.  Paul,  and  have  three  runs  of 
stone  for  custom  work,  and  19  feet  fall,  owned  by  Protz  and  Braun. 

The  Union  Mills  are  owned  by  W.  Lindeke,  with  four  ran  of 
stone,  and  20  feet  fall,  situated  at  St.  Paul. 

The  last  three  above  are  run  by  overshot  water-wheels. 

The  Reserce  Mill  are  on  the  Fort  Snelling  road,  at  St.  Paul,  and 
are  only  calculated  for  grinding  feed  ;  have  two  runs  of  stone  and 
20  or  31  feel  fell ;  owned  by  —  Gunrad.  These  mills  used  to  do 
flouring. 

Brick  in  Ramsey  County. 

John  Jaeger,  St.  Paul,  on  Dayton's  bluff,  makes  red  brick  from 
the  loess  loam. 

Graham  &  Co.,  W.  St.  Paul,  make  red  brick  from  clay  taken  from 
the  alluvium  of  the  flood  plain.  This  yard,  however,  is  now  inactive, 
and  is  owned  by  John  Jseger, 

SectionSS,  White  Bear.  Formerly  a  good  red  brick  wa.i  manu- 
factured at  a  point  between  the  railroad  and  the  lake  shore  (Vaduais 
lake),  from  the  surface  loam  that  here  covers  the  country,  but  as 
the  owners  were  not  much  patronized,  owing  to  the  general  financial 
depression  which  retarded  all  building,  the  yard  was  closed,  and  re- 
mains ao. 

The  brick  clay  which  is  seen  in  the  bluflfe  at  St,  Paul,  in  the  ex- 
cavations made  for  street  purposes  on  Fifth  street,  between  Sibley 
and  Wacouta,  lies  between  deposits  of  coarse  gravel  and  stones,  all 
water-washed.  This  clay,  which  is  probably  the  near  equivalentS 
age  and  nature  of  the  brick  clay  so  extensively  used  for  brick  at 
Minneapolis  and  Carver,  has  not  been  thus  employed  at  St.  Paul. 


byGoO'^lc 


92  ANinjAL  HEPORT. 

Earthworks. 

Oil  Dayton's  Bluff  are  several  large  mounds,  one  being  about  six 
feet  bigh  and  30  or  40  feet  across. 

At  White  Bear  Ii»ke  is  a  large  artificial  mound,  about  13  feet 
bigb  and  35  or  40  teet  across.  It  is  close  to  the  shore  of  the  lake, 
within  the  village,  on  lot  2,  on  thetroad  to  Goose  Lake. 

In  Dayton's  bluff,  an  P.  Kelly's  place,  is  a  covered  cave  in  the 
white  sandstone,  not  far  from  Carver's  cave,  in  which  is  a  deposit 
of  clay  containing  lumps,  and  some  large  pieces,  of  what  goes  by  the 
local  name  of  "  kaolin,"  It  is  purely  white,  tasteless,  and  gritless, 
and  seems  to  be  the  same  as  the  white  veinings  found  in  the  lacus- 
trine clay  of  the  Red  river  valley.  This  clay  is  said  to  completely 
iill  the  cave,  which  was  discovered  in  digging  to  make  room  for  a 
house  and  bam  in  the  lower  part  of  the  bluff.  The  clay  resembles 
that  seen  at  Maiikato  in  the  nooks  of  the  Shakopee  rocks,  as  de- 
scribed in  the  Second  Annual  Report,  but  it  has  not  been  possible 
to  give  it,  nor  the  cave,  any  sirtisfactory  examinatioa.  It  is  prob- 
ably of  the  nature  of  Carver's  cave  itself ;  and  they  should  both  be 
carefully  examined  for  traces  of  aucient  habitation. 

In  another  part  of  the  Annual  Report  for  1877  will  be  foond 
further  account  of  early  man  in  Ramsey  county,  and  illustrations 
of  some  implements  found  in  St.  Paul. 

The  survey  of  Ramsey  county  was  facilitated  by  the  active  inter- 
est and  guidance  of  Hon.  G.  3.  Bryant,  of  St.  Paul. 
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THE  GEOLOGY  OF  ROCK  AND  PIPESTONE 
COUNTIES. 


SittiatioH  and  Area. 

These  counties  form  a  rectangle  ruBniag  north  &nd  south,  in  the 
Tery  southwestern  corner  of  the  State,,  and  border  on  Iowa  and 
Dakota.  They  have  a  width  of  a  little  more  £han  three  govemment 
towns,  and  each  a  length  of  four. 
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Survtying  Statistics  q/'  Boek  Comtti/. 
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Surttifing  StatiHic»  cf  FipeMone  Countg, 
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XuturaJ  Drainage. 

The  draiQage  is  toward  the  south  and  southwest,  and  finally 
enters  the  Missouri  river  near  Sioiix  City,  in  Iowa,  being  the  only 
water  from  the  State  of  Minnesota  that  takes  that  route  to  the 
Gulf  of  Mexico.  The  main  stream  is  Rock  river,  which  flows  almost 
due  south,  receiving  several  tributaries  from  the  east,  but  none  that 
are  important  from  the  west.  Other  streams  rise  west  of  Rock  river, 
having  their  headwaters  neiir  that  stream,  hut  flow  westward,  leaving 
the  State,  and  finally  reaching  Big  Sioux  river.  These  latter  are 
the  Flandrau,  Pipestone,  Splitrock  and  Beaver  creeks. 

These  streams  are  all  small,  and  in  the  summer  time  some  are 
rather  valleys  where  gathers  a  little  water,  than  living  streams. 
They  furnish  no  water-powers  that  have  been  improved,"  as  yet, 
though  without  doubt,  some  parts  of  Rock  river  would  furnish 
sufficient  fall  for  milling  by  a  little  artificial  aid. 

Surface  Features. 

These  are  emphatically  prairie  counties,  and  are  jiearly  level  over 
large  tracts.  They  are  undulating  in  their  eastern  portions,  due  to 
the  existence  of  more  numerous  streams  whose  valleys  lie  rather 
deeply  below  the  general  level.  Along  the  valley  of  Rock  river  and 
its  tributaries  is  the  greatest  diversity  seen  in  these  counties,  and 
this  is  mainly  confined  to  Rock  county,  though  the  high  peninsula 
between  Rock  river  and  Chanaranbie  creek  in  the  southeaatem  part 
of  Pipestone  is  a  prominent  object  in  the  horizon  for  many  miles. 

Rock  river  valley  is  about  a  mile  or  a  mile  and  a  half  wide.  The 
immediate  banks  are  from  six  to.ten  feet  above  the  water,. and  are 
composed  of  gravel,  which  is  sometimes  coarse,  and  is  very  largely 
made  up  of  limestone.  The  outer  banks  are  ^m  fifty  to  seventy- 
five  feet  higher,  and  on  the  eastern  side  are  more  stony  with  foreign ' 
boulders  than  on  the  west,  a  circumstance,  however,  which  may  be 
owing  to  the  action  of  the  prevailing  western  winds,  which  would 
uncover  and  keep  bare  the  coarser  materials  of  the  surface  by  blow- 
ing away  the  sand  and  clay  during  the  dry  and  windy  months  of 
the  year,  while  the  blu&  on  the  west  side  would  not  only  not  receive 
such  winds,  but  would  serve  to  collect  all  particles  flying  toward 
the  east  from  the  prairie  above. 

The  range  of  high  rocky  land  running  northwest  from  Mound, 
near  Lu  Yeme,  is  a  conspicuous  object  in  the  horizon  from  the  north 
and  east,  and  looks  like  the  Coteau  from  Marshall.  The  highest 
point  is  where  it  breaks  ofi'  squarely  to  the  valley  of  Rock  river,  and 
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Notes  of  the  Deep  Well  Bored  at  the  State  Reform  School,  i 
Months  (^  April  and  May,  1877. 
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3,  six  Inches  clay 

(.  Thirteen  leBlcoarsegravel... 


S.  One  loot  coarae  gravpl 

7.  One  fout  line  sand 

S.  Thirteen  leec  coane  smi 


Three  Inches  lime  rock 

Three  teet  elair 

Two  feet  sand,  with  water.., 
aix  leet  three  Inches  shell  n 


I  feet  hard  lime  rock 

.  Twoteetclay 

.  One  toot  hard  roelt 

.  Four  feet  blue  clay 

.  Four  (eet  hard  rock 

.  One  foot  blue  clay 

.  Three  teet  lime  rock 

.  31x  feel  clay,  light  color 

.  Five  (eet  clay,  dark  color 

.  Four  feet  yellow  clay 

.  nve  leet  blue  clay 

.  Eight  feet  blueclay(veryhard). 
.  Twenty-elghtteetblueclay,...    i 

.  One  toot  limestone  (hard) 

.  Six  teet  lilue  soapslone 

.  Three  teet  lime  rock 

,  Three  and  one-halt  teet  blue 

.  Oneiind  one-halt  teet  llmetock 
,  Twenty-elghtandone-haltteet 


le  lime  st 


J3.  Five  teet  blue  Clay 6 

d*.  Seventy^even  and  one -half  teet 

white  land  rock TIK 

Whole  depth Sta 

An  abundant  supply  ot  water  was  ob- 
tained at  the  deiith  ot  IN  feet.  This . 
supply,  however,  was  not  tested  unlU 
after  the  well  had  been  bored  one  hun- 
dred teet  below  It.  The  drill  at  that 
point,  became  llied  and  Immovable, 
so  that  tlie  contractor  waa  wholly  un- 
able to  proceed  tutther,  when,  after 
experimenting  with  pumps,  It  was  lound 
that  the  supply  was  audlclent  for  all 
practical  puipoaes. 

The  water  was 


From  this  source  the  water  rose  In  the 
well  about  eighty  feet.  The  water  Is 
Supposed  to  be  of  excellent  quality. 
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Of  these,  No.  31  is  plainly  the  St.  Peter  aandstone.  No.  33  is 
the  green  shale  which  is  nearly  always  aeen  over  the  sandetoae  in 
Hennepin  and  Ramsey  counties.  Nos.  32  to  29.  inclusive,  include 
the  Lower  Trenton,  but  the  thickness  seems  greater  than  elsewhere 
observed,  being  36^  feet.  The  rest  of  the  drill  seems  to  be  taken  up 
with  alternating  shale  and  limestone  layers,  the  greater  portion 
being  of  shale.  Of  this  thickness  (101^  feet)  probably  the  main 
mass  of  shale,  near  the  bottom,  said  to  have  been  28^  feet  thick , 
represents  the  green  shales  that  had  before  been  identified;  bub 
there  is  not  sufficient  difference  between  this  and  the  rest  to  exclude 
the  ^plication  of  the  same  term  to  the  whole  of  the  beds  above 
No.  29. 

A  few  months  later  an  exposure  of  green  shale  was  seen  in  the 
road,  N.W.  i  Sec,  9,  in  Reserve,  accompanied  by  CheBleets  and 
Orthis,  above  the  level  at  which  the  regular  green  shale  could  exist. 
Blocks  of  fossiliferous  blue  limestone  were  also  seen  abundantly 
along  a  ravine  in  the  same  township.  (Sec.  15)  mixed  with  the  debris 
of  the  red  hardpan  clay,  far  above  the  level  of  the  Lower  Trenton; 
a  circumstance  at  variance  with  any  thing  before  seen  in  Ramsey 
county.  Finally,  the  beds  in  place  were  found  in  a  ^ood  exposure 
along  Ramsey  street  in  St.  Paul,  where  it  ascends  St.  Anthony 
Hill.  They  were  first  seen  in  a  little  artificial  ravine  made  for  a 
watering  tank.  They  are  exi))!,-l  in  a  similar  manner  in  other 
ravines  that  descend  St.  Anthony  Hill  tow.ird  thi  river,  farther 
west.  The  basis  rjck  of  St.  Anthony  Hill  is  the  siime.  Their 
thickness  above  the  Lower  Trenton  is  lOS  feet,  and  they  have  a  con- 
spicuous strike,  as  already  stated,  in  a  lir*e  of  drift-covered  blufia 
that  r\in  from  St.  Paul  northwestwardly,  leaching  Anoka  county 
south  of  Rice  creek,  causing  the  high  and  hilly  land  there  seen. 
These  beds  also  form  the  nucleus  of  the  high  land  that  extends  ^m 
St.  AnthAiy  Hill  southwestwardly  toward  Fort  Suelling,  distant 
about  three-fourths  of  a  mile  from  the  river. 

These  beds  are  very  shaly,  not  more  than  one-third  of  the  whole 
being  limerock,  and  contain  the  usual  fossils  of  the  Lower  Trentoo, 
but  their  paleontology  has  not  yet  been  examined  carefully.  The 
whole  formation  seems  to  have  the  characters  of  the  Cincinnati,  as 
exposed  in  Green  Bay,  Wisconsin,  or  in  Ohio, 

The  Trenton  Group. 

In  New  York  the  Trenton  limestone  is  succeeded  by  a  masa  of 
shales  with  the  local  designations,  TJtica  slate,  Frankfort  slate,  Shales 
and  sandstones  of  Pulaski,  and  Lorraine  shales.    These  were  all  «a- 


byGoO'^lc 


STATE    OEOLOOIST.  97 

is  diatinctlTely  known  as  "  The  Mound."  There  U  no  rock  aouth 
or  east  of  that,  except  occasional  boulders,  which  are  common  ^ong 
the  drift  bluffs  of  Kanaranza  creek. 

The  country  northeast  from  Lu  Verne,  along  the  Chtunpepedau 
creek,  and  toward  the  V  Lost  Timber"  (Sec.  2.  T.  105,  R.  43  W.)  is 
in  general,  a  fine  undulating  prairie,  the  subsoil  being  a  j-eliowish, 
gravelly  and  atony  clay,  with  rarely  a  visible  boulder. 

The  blufia  of  Chanaranbie  creek  and  Rock  river,  in  Pipestone 
county,  are  abrupt  and  from  75  to  100  feet  high,  compn>;ed  of  drift. 
There  are  here  a  great  many  short,  sharp  ravines,  brauching  from 
these  valleys,  cut  deeply,  like  the  ravines  in  the  bad  lands  of  Mon- 
tana.   The  flat  bottom  lands  support  a  heavy  growth  of  grass. 

Beaver  creek  vajley  is  brood,  with  changing  rolling  blufia,  about 
half  a  mile  wide,  with  no  terraces.  The  low  land  is  cultivable,  but 
little  water  being  in  the  valley.  The  upland  ia  also  undulating  or 
rolling,  a  prairie,  with  no  shnilia  nor  trees,  nor  stones.  The  soil  is 
the  loam,  which  becomes  more  and  more  like  the  loess  loam  of  the 
Missouri,  toward  the  south,  while  toward  the  north  it  is  more  grav- 
elly and  stony.  Along  Beaver  creek  the  stones  are  very  scarce,  but 
they  do  occur  along  the  brows  of  knolls,  and  are  struck  in  digging 
wells,  even  in  this  loam.  * 

Pipestone  county  is  more  uniformly  a  smooth  prairie  than  Rock, 
and  is  marked  by  long  ridges  or  swells,  corresponding  to  the  low 
water-sheds  running  north  aud  south.  The  sul>soil  of  this  county 
is  nearly  everywhere  a  gravelly  or  stony  clay,  but  becomes  finer 
toward  the  surface,  and  in  the  soil  it  is  rare  to  see  a  northern  boulder. 

There  are  but  few  settlers  in  Pipestone  county,  and  Rock  county 
has  but  lately  been  occupied.  Pipestone  city  is  a  "  paper  town  " 
and  has  three  houses,  one  of  which  is  occupied  and  accommodates 
the  only  post-of&ce  in  the  county  ;  but  it  is  on  the  line  of  the  prob- 
able extension  of  the  Southern  Jtinnesota  railroad.  Land  in  both 
counties  is  rapidly  being  taken  both  by  settlement  and  purch'V'^ 
the  new-settlers  being  generally  farmers  from  the  eastern  part  of 
Minnesota  or  from  further  east. 

THE   GEOLOGICAL  STBUCTL-BE. 

The  only  known  bedded  rock  in  these  counties  is  a  red  quartzyte, 
probably  the  equivalent  of  the  New  York  Potsdam  Sandstone,  but 
which  Dr.  C.  A.  White,  of  the  Iowa  survey,  has  designated  the  Sioux 
Quartzyte,  as  it  is  seen  to  outcrop  in  the  extreme  northwestern  cor- 
ner of  Iowa.  Of  this  the  largest  exposures  are  in  Rock  county,  but 
the  best  known  is  at  the  famous  "  Pipstone  Quarry,"  near  the  cen- 
ter of  Pipestone  county. 
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As  this  locality  has  become  somewhat  famous  on  account  of  the 
extensive  use  made  of  the  red  pipestpae  by  the  Indians,  and  the 
difference  of  opinion  expressed  by  scientists  as  to  its  origin  and  age, 
the  following  resuiyu  will  be  of  interest : 

The  first  written  account  of  the  quarry  was  by  <}eorge  Catlin, 
found  in  the  38th  volume  of  the  First  Series  of  the  American  Jour- 
nal of  Science  and  Arts,  p.  138,  in  a  lett«r  addressed  to  Dr.  C.  T. 
Jackson,  to  whom  he  also  sent  a  sample  of  the  pipestone  for  analysis. 
The  journey  was  made  on  horseback  from  the  falls  of  St.  Anthony, 
in  the  summer  of  1836,  in  company  with  "  a  young  gei^leman  £rom 
England,  of  fine  taste  and  education,"  and  a  single  Indian  guide. 
Mr,  Catlin  describes  the  quarry  as  "  on  the  very  top  "  of  the  Coteau 
des  Prairies  which  rises  above  the  country  about  it  with  graceful 
and  almost  imperceptible  swells.  The  quartzyte  he  regards  "  a  sec- 
ondary or  sedimentary  deposit,"  but  no  further  defines  its  supposed 
age. 

Jean  N.  Nicollet  visited  the  quarry  in  July  1838,  as  is  plainly 
shown  bv  his  own  name  and  date  for  that  year,  together  with  the 
initials  of  his  companions,  boldly  and  artistically  cut  on  the 
quartzyte,  at  the  top  of  the  ledge,  near  the  "Leaping  Rock,"  and  a 
little  north  of  where  the  creek  passes  over  the  brow  of  the  escarp- 
ment. His  "  Report,  intended  to  illustrate  a  Map  of  the  Hydro- 
graphical  Basin  of  the  Upper  Mississippi  river,"  is  "  Document  237," 
of  the  second  session  of  the  26th  Congress,  ordered  printed  Feb,, 
1841.  He  gives  no  opinion  of  the  age  of  the  rock,  b.ut  quotes  Dr. 
Jackson's  analysis  of  the  pipestone,  or  Caflinite,»s  it  was  named  by 
Jackson.  "  As  a  mineralogical  species  it  may  be  described  as  fol- 
lows :  compact ;  structure  slaty  ;  receiving  a  dull  polish  ;  having  a 
red  streak  ;  color  blood  red,  with  dots  of  a  faintershade  of  the  same 
color ;  fracture  rough  :  sectile  ;  feel  somewhat  greasy  :  hardness 
not  yielding  to  the  nail ;  not  scratched  by  aelenite,  but  easily  by 
calcreous  spar  ;  specific  gravity  2.90.  The  acids  have  no  actioa 
upon  it ;  before  the  blowpipe  it  is  infusible  per  se,  but  with  borax 
gives  a  green  glass,"  While  Prof.  Jackson  assimilates  it  to  agal- 
matolite  {pinite  of  Dana)  Nicollet  regarded  it  as  differing  very  ma- 
terially from  it  in  general  aspect,  its  conduct  before  the  blowpipe, 
and  its  total  insolubility  in  sulphuric  acid. 

Prof.  James  Hall,  next  in  chronological  order,  read  a  paper  before 
the  American  Philosophical  Society  in  June,  1866,  in  which,  smon^ 
notes  on  the  geology  of  some  of  the  western  portions  of  Minnesota, 
he  classes  the  red  quartzite  as  Huronian.  He  imagines  the  Coteau 
des  Prairies  caused  by  a  vast  synclinal  in  the  rocks  of  this  age.  He 
did  not  see  the  pipestone  quarry  itself,  having  (mly  gone  to  Lake 
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Shetek,  where  Ite  describes  a  wall  of  ro:;k  which  he  thinks  the  same 
in  age.  Hia  examinations  were  made  in  lS6o,  His  is  the  first 
attempt  to  fix  the  age  of  this  rock. 

Dr.  F.  V.  Harden  visited  and  examined  the  locality  in  October, 
1866,  and  his  account  is  in  the  American  Journal  of  Science  and 
Arts  for  January,  1867.  After  examining  rock  of  the  «ame  kind  on 
the  Jam^s  and  Vermilion  rivers,  in  Dakota,  and  at  Sioux  Falls,  on 
the  Big  Sioiix  river,  he  gives  an  interesting  detailed  description  of 
the  quarry  and  inclines  to  the  opinipn  that  the  quartzyte  is  supra' 
carboniferous,  Triassic  perhaps,  or  an  extension  downward  of  Cre- 
taceous No.  1. 

Dr.  C.  A.  White  has  given  a  description  of  a  "Trip  to  the  Great 
Red  Pipestone  Quarry,"  in  the  American  Naturalist  for  1868-9,  but 
he  does  not  there  state  anything  concerning  the  age  of  these  rocks, 
though  elsewhere,  he  has  ranked  them  as  pre-Silurian,  and  named 
the  formation  the  "  Sioux  Qaartzyte."  (Geology  of  Iowa,  1870). 

The  reader  is  farther  referred  to  the  first  and  second  Annual  Re- 
ports for  reasons  for  believing  this  formation  to  be  the  equivalent 
of  the  Potsdam  sandstone  of  New  York. 

The  known  area  of  this  rock  in  Rock  and  Pipestone  counties  is 
approximately  marked  out  on  the  accompanying  map,  hut  there  is 
much  probability  of  its  being  mnch  greater,  Mid  perhaps  to  include 
the  greater  portion  of  both  counties.  The  Cretaceous  formation, 
no  doubt,  also  occurs  in  the  northern  part  of  Pipestone  county,  and 
overlies  unconformably  the  quartzyte  in  other  places,  but  it  has  not 
been  seen.  Dr.  Hayden  has  mentioned  such  facts  in  his  account  of 
the  geology  of  southwestern  Dakota,  occurring  at  or  near  the 
mouth  of  Firesteel  creek,  on  the  James  river. 

At  the  Red  Pipestone  quarry  there  is  a  ledge  of  rock  which  runs 
north  and  south  nearly  three  miles.  This  ledge  of  rock  consists  of 
layers  of  red  quartzyte  that  have  a  dip  of  fifteen  or  twenty  degrees 
toward  the  east,  so  that  the  rock  soon  disappears  under  the  prairie 
in  that  direction,  but  presents  a  nearly  perpendicular  escaqiment 
toward  the  west,  formed  by  the  broken  off  heavy  layers  of  the  rock ; 
though  its  greatest  hight,  which  is  not  more  than  25  feet,  is  a  little 
north  of  the  present  pipestone  quarry.  It  also  gradually  disappears 
under  the  prairie  both  toward  the  north  and  toward  the  south,  the 
lower  ground  on  the  west  of  the  escarpment  slowly  rising,  in  those 
directions  like  the  sides  of  a  basin,  and  coalescing  with  that  on  the 
east  of  the  ledge.  A  small  stream,  dry  some  parts  of  the  year, 
known  as  Pipestone  creek  works  northwestwardly  and  passes  over 
the  ledge  from  the  upper  prairie  to  the  lower  with  a  perpendicular 
fall  of  about  18  feet.    In  the  vicinity  of  this  fall,  and  also  at  one  or 
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tvro  places  further  south,  are  dwarfed  bur-oaks  and  shrubs,  but  the 
country  in  all  directions  for  mauy  miles  is  a  prairie  Trhich  haa  a 
great  monotony  of  surface.  It  is  not  on  the  top  of  the  Coteau  de 
Prairie,  as  supposed  by  Gatlin,  that  range  of  hills  being  25  or  30 
miles  further  northea.st.  Mr.  Catlin  seems  to  have  correctly  de- 
scribed the  eastern  asecut  of  the  Coteau  as  rising  with  almost  im- 
perceptible swells  above  the  prairies  further  east,  but  failed  to  ob- 
serve when  he  passed  down  the  western  slopes,  that  the  real  Coteau 
dies  out  atill  more  insensibly  into  the  prairies  on  the  w^tera  side. 
The  Coteau  passes  nearly  through  the  middle  of  Lyon  county,  the 
northeastern  quarter  of  Murray,  the  southwestern  part  of  Cotton- 
wood, and  leaves  the  state  along  the  western  side  of  the  DesMoinea 
river,  in  Jackson  county,  gradually  becoming  less  noticeable.  It 
is  characterized  by  numerous  lakes  and  gravelly  drift  hills.  It  is  a 
vast  glacial  moraine,  comparable  to  the  ridges  in  northwestern  Ohio, 
and  the  "  Kettle  Range  "  in  Wisconsin,  but  is  the  most  remarkable. 
as  it  is  the  most  extended,  glacial  moraine  known  in  the  United 
States  if  not  iu  the  entire  world.  It  runs  along  the  east  and  north 
side  of  the  Missouri  river  till  it  passes  out  of  the  United  State*  into 
British  America. 

The  little  stream  which  crosses  the  rock  at  the  pipestone  quarry 
widens  out  into  a  lake  just  Ijefore  passing  the  ledge,  making  Pipe- 
stone lake,  and  again  after  passing  it,  it  forma  Crooked,  Duck  and 
Whitehead  lakes  in  the  same  way.  In  these  lakes  water  stands 
constantly. 

The  rock  itself  in  general  is  exceedingly  hard,  in  heavy  layers  of  ^ 
one  foot,  or  of  two  or  three  feet,  and  is  separated  by  jointage  planes 
into  huge  blocks  of  angular  shapes  that  lie  often  somewhat  displaced 
or  even  thrown  over  entirely  by  the  action  of  the  frost  through 
many  winters.  Thus,  there  is  a  rough  talus  along  the  foot  of  the 
escarpment  where  grow  a  few  bushes  and  small  oaks,  protected  from 
the  prairie  fires  by  surrounding  masses  of  fallen  quartzyte.  The 
rock  is  sometimes  pinkish  and  massive  ;  when  blood-red  it  is  more 
apt  to  be  thin-bedded. 

The  real  "  pipestone  quarry  "  is  situated  about  a  quarter  of  a  mile 
west  of  this  ledge  and  in  the  low  land  of  the  lower  prairie.  Earlier 
diggings  seem  to  have  Iwen  opened  in  the  superficial  outcroping  of 
the  pipestone  layer,  and  to  have  followed  along  its  strike  north  and 
south  nearly  a  mile,  without  penetrating  very  deeply  into  the  rock. 
The  layer  which  furnishes  the  pipestone  is  al>out  18  inches  thick, 
and  is  embraced  between  heavy  layers  of  the  same  rock  as  the  ledge 
already  described,  and  they  all  dip  together  toward  the  east,  and  of 
course  run  under  the  main  escarpment.     The  present  quarrying  is 
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a  little  east  of  the  line  of  old  diggings,  but  follows  along  the  strike 
of  the  formation  the  same  as  the  other,  the  only  difference  being  in 
baring  greater  depth  (the  pipesfcone  layer  ia  about  6  feet  under  the 
ground  here)  and,  in  the  difficulties  encountered  in  removing  about 
five  feet  of  very  firm,  pinkish  quartzyte  in  heavy  beds. 

The  Catlinite  itself  is  a  fine  clay  varying  in  color  from  blood-red  to 
pale  red,  or  pinkish,  or  even  to  a  pale  yellowish  red.  The  lighter 
colors  fade  into  the  darkei,  but  sometimes  the  light  appears  in  the 
red  as  round  spots,  on  a  polished  surface,  but  the  red  ii  not  thtiB 
distributed  through  the  lighter  shEides,  It  has,  of  course,  suffered 
all  the  metamorphic  influences  that  the  quartzyte  itself  has,  bnt  it 
haa  not  lost  its  distinctly  bedded  structure,  which  may  be  seen  when 
examined  microscopically  in  polished  thin  sections.  Indeed  it  seema 
to  have  a  laminated  structure  ;  and  the  different  shades  of  color 
appear  sometimes  to  be  due  to  openings  and  fissures  produced  in  the 
red  clay  and  becoming  filled  with  sediment  of  a  lighter  color.  It  seema 
to  be  made  up  of  little  grains  of  quartz  having  an  abundant  cement 
of  red  ferric  oxide,  the  alumina  present  (as  indicated  by  chemical 
analyses)  being  mixed  rather  with  the  latter  than  combined  with 
the  former. 

Prof,  Peckham,  who  has  analyzed  for  the  survey  samples  of  the 
red  and  of  the  pale  red  pipestone,  makes  the  following  report : 

Pr((f.  N.  H.  WinchM  : 

1  report  the  ioUowing  antilysea  of  serial   . 


No.  52— Pale  Catlinite. 

Silicic  imde SiOa 58.25perc«it. 

Aluminum  oxide Al=Oj 35.90 

Water H.O 6.48 

Total 100.63 

The  aluminum  oxide  is  a  trifle  too  high  and  contained  a  trace  of  iitm  (FeiOj.) 
This  specimen  did  not  contain  an  appreciable  amount  of  either  lime  or  magnesia. 

No.  53— Bed  CatimiU. 

Silicic  oxide SiOa ST. 43 percent. 

Aluminum  oiide Al.Oj 25.94 

Ferric  oxide Fcj  O3 8.70       " 

"Water HiO 7.44 


Total.. 
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This  specimen  contained  tn  addition  a.  trace  of  both  lime  md  magnesia. 

A  comparison  of  these  results  with  those  ^ven  in  Dijia's  Mineralogy,  edIdTO 
confirmB  the  statement  there  made  that  Catlinite  is  a  rock  and  not  a  mineral. 
The  substance  appears  to  be  an  indurated  or  partially  metamorphosed  clay  con- 
taining a  variable  amount  of  ferric  oiide  and  water. 

An  analysis  by  the  late  Dr.  Jackson,  of  Boston,  (Am.  Jour.  Sci.,  I.  xm.,  38S) 
givee  the  following  in  100  grains  : 

Water 8.40 

Silica. 43.20 

Alumina 28.20 

Magnesia 6.00 

Per-oi.  iron 5.00 

Ox.  Manganese 60 

Caib.  hme 2.60 

Loss  (probably  magnesia) ]  .00  - 

Total 100.00 

These  results  indicate  a  considerable  amount  of  earthy  carbonates  and  when 
compared  wiUi  those  given  above  show  that  the  rock  is  quite  variable  in  com- 
positiou.  Neither  of  the  specimens  analyzed  by  myself  was  of  the  spotted  ot 
'  mottled  variety,  which  may  account  for  the  presence  of  the  earthy  carbonates  in 
the  analysis  by  Ur.  Jackson. 

The  red  variety  was  found  to  be  much  more  difficult  to  decompose  by  fusion 
with  alkaline  carbonates  than  the  average  silicates.  It  was  found  necessary  not 
only  to  reduce  it  to  an  impalpable  powder  but  to  prolong  the  fusion  to  from  eight 
to  ten  hours  to  insure  complete  decompoxition. 

Respectfully  submitted, 

S.  ¥.  PECKHAM, 
Minneapolis,  Mtnn.,  May  20,  1878.  SlaU  Ckemtti. 

Southward  from  the  region  of  the  Pipestone  quarry  the  land 
continues  high,  and  in  some  instances  there  are  ridges,  or  long 
knollfl,  of  drift,  that  are  broad  and  evenly  rounded  over  by  a  thin 
loam.  The  firatexposure  of  the  rock,  in  the  vicinity  of  the  road  to 
Lu  Verne,  is  on  Sec.  13,  T,  105,  R.  46,  along  the  south  side  of  the 
valley  that  crosses  westwardly  near  the  ctnitre  of  the  action.  It 
extends  ftbout  a  mile  east  and  west.  It  here  is  seen  to  form  an  un- 
dulating floor  on  which  the  loam  ia  thinly  spread.  It  is.hard,  mas- 
sive, pinkish-colored  and  superficially  vitrified,  in  sorae  places  also 
showing  two  directions  of  glacial  strife,  one  being  by  compass 
nearly  N,  and  S.  and  the  other  S.  52  deg.  E. 

The  same  line  of  rocky  outcrop  extends  westwardly  to  the  Split- 
rock  creek,  and  along  that  creek  and  its  eastern  tributaries  as  far  as  it 
continues  in  the  State.  It  seems  to  have  a  changeable  dip,  but  no- 
where presents  perpendicular  bluffs. 
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Two  aod  a  half  miles  further  south  ou  N.  E.  i  Sec.  36,  is  another 
exposure  of  the  same  rock,  along  a  similar  shallow  ravine  making 
westward — and  again  about  half  a  mile  ^rther  south  on  the  high 
prairie. 

At  a  point  about  ten  miles  north  of  Lu  Verne  this  rock  becomes 
frequently  exposed  both  in  the  valleys  and  on  the  hills  and  contin- 
ues so  to  the  Mound,  near  Lu  Verne,  when  it  suddenly  breaks  off 
along  the  west  side  of  Rock  river,  and  is  not  known  to  the  south  of 
that  place.  Throughout  this  distance  it  forms  a  high  plat«au  three 
or  four  miles  wide  and  about  a  hundred  feet  higher  than  the  prairies 
east  or  we3t,J)ut  the  surface,  though  frequently  rocky,  is  not  rough. 
It  is  undulating  ;  and  the  plateau  sinks  gradually  down  tothe  level 
of  the  rest  of  the  country  on  either  side.  This  plateau  terminates 
abruptly  in  a  rocky  and  precipitous  bluif  facing  southeastward, 
three  miles  north  of  Lu  Verne  in  what  is  known  as  ''The  Mound." 
There  is  a  very  large  rocky  outcrop  in  Sees.  4,  5,  6,  7  and  8.  T.  103 
N.,  R.  45  W.  There  are  less  frequent  exposures  in  Gregory  town- 
ship, and  the  town  next  west.  The  Splitrock  creek  which  crosses 
the  norliiwest  comer  of  Rock  county  has  frequent  exposures  both 
in  Rock  and  Pipestone ;  but  in  Pipestone  the  rock  range  veers 
toward  the  east,  into  the  centre  of  T.  104.  R.  46  W.,  and  dis^peais 
till  reaching  the  region  of  the  Pipestone  quarry.  In  the  N.  W. 
part  of  Mound  township  the  rook  dips  N.  W.  with  a  thrown,  or 
twist,  which,  by  slightly  changing  it,  brings  it  soon  below  the  sur- 
face. Indeed  there  seems  to  he  a  succession  of  ridges  or  swells, 
with  changeable  dip,  though  the  most  observable  is  to  the  north- 
west, about  10  degrees.  These  ridges  are  not  covered  with  gravel 
or  sand  like  similar  ridges  already  mentioned  east  of  the  Ooteau, 
under  the  operation  of  glacial  forces,  (ice  and  water)  but  while  they 
occupy  the  grand  divide  of  the  county,  they  are  nearly  bare,  on 
their  tops  and  along  their  slopes,  or  are  thinly  covered  with  a  grav- 
elly loess  loam,  while  the  drift,  even  the  stony  clay  that  has  been 
largely  attributed  to  ice,  occupies  the  valleys  between  to  the  thick- 
ness of  at  leas^  30  or  40  feet.  On  the  top  of  some  of  these  ridges, 
apparently  near  the  top  of  this  formation,  the  rock  is  conglomeritio. 
■This  occurs  in  large  superficial  areas,  planed  and  smoothed  down 
(rarely  glaciated)  and  the  colors  of  the  pebbles,  usually  not  larger 
than  beans,  give  these  spots  a  blotched  and  variegated  mottling. 
The  pebbles  are  mainly  white,  but  some  are  jaspei-i%d  and  some 
purple. 

All  over  these  ridges,  which  vary  from  a  quarter  of  a  mile  to  three 
or  four  miles  in  length,  and  are  for  the  most  part  thinly  covered 
with  soil  and  turf,  there  are  little  nests  of  large  blocks  of  quarzyte 
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piled  80  together  that  they  seem  to  have  i9een  thrust  up  from  below 
by  some  force.  The  edges  of  these  blocks  are  squarely  broken  off, 
and  slope  toward  each  other,  t.  e.,  toward  the  centre  of  the  pile, 
while  the  blocks  themselTes  tie  so  that  their  upper  surfaces  slope  in 
all  directions  away  from  the  center.  Similar  upheaved  spots 
occuron  theredquartzyte  outcrop  near  New  Ulm,  and  were  de- 
scribed in  the  report  for  1873.  They  were  then  attributed  hypo- 
thetically  to  recent  igneous  forces.  These  upheaved  spots  vary 
from  five  to  fiAeen  feet  in  diameter,  or  perhaps  more.  They  may 
have  been  caused  by  ice,  i.  e.,  alternate  freezing  and  thawing  with 
the  change  of  seasons,  aided  by  the  force  of  vegetatioQ  and  a  little 
soil  gradually  getting  into  the  openings. 

At  "The  Mound,"  where  this  high  land  terminates  abruptly, 
and  faces  the  valley  of  Rock  river,  the  elevation  is  about  175 
feet  above  the  river.  The  perpendicular  bluff  of  rock  is  from 
40  to  60  feet  in  its  highest  part ;  but  owing  to  a  dip  of  about 
20  degrees  from  the  horizon,  nearly  west,  or  partly  northwest, 
and  to  the  breaking  off  of  the  upper  layers  causing  a  gradu^ 
slope  from  the  brow  of  the  hill  backward  through  several  rods, 
the  actual  thickness  of  beds  visible  may  be  150  feet.  The  rock 
here  also  appears  to  be  almost  entirely  a  reddish  or  pink,  heavy- 
bedded,  quartzyte.  If  wrought  there  might  be  some  softer  and 
thinner  layers  discovered  in  the  angles  of  the  talus,  but  the  re- 
fractory nature  of  the  great  mass  of  it  will  cause  it  to  be  used  hut 
sparsely  for  building.  The  main  bluff  curves  westwardly  at  both 
ends,  and  by  reason  of  the  dip  and  ravines  that  enter  the  valley 
from  the  west,  its  exposed  layers  gradually  disappear  under  the  soil 
in  that  direction,  and  the  rock  is  lost  in  the  prairie. 

Near  the  base  of  the  bluff  of  perpendicular  rock,  on  a  slope 
which  descends  to  the  river,  once  probably  covered  by  the  water  of 
the  river,  on  some  of  the  lowest  beds,  the  rock  has  the  general 
shape  of  glaciation,  but  there  are  no  striK,  the  surface  showing 
rather  the  action  of  water.  On  the  top  of  the  bluff  are  glacial 
strite  running  S.  20deg.  W.  by  compass.  Ten  milgs  northwest  of 
Lu  Verne  such  marks  run  N.  and  S. 

*  The  Drift. 

The  most  important  fact  in  connection  with  the  drift  of  these 
counties  is  a  gradual  transition,  from  north  to  south,  from  drift  clay, 
with  stones  and  boulders  to  loam  clay  that  has  all  the  characters  of 
the  well-known  loess-loam  of  the  Missouri  valley.  The  northern 
part  of  Pipestone  county  lies  not  far  from  the  Coteau  du  Prairie, 
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which  is  a  vast  glacial  noraine  of  drift  materials,  and  is  even  affected 
somewhat  in  ita  contour  by  the  westward  decline  of  the  Coteau  to  the 
prairie  level.  It  is  as  characteristicallj  a  hardpan  clay — the  main 
mass  of  the  drift,  in  this  part  of  Pipestone  county— as  in  any  pari; 
of  Minnesota.  In  traveling  southward  there  is  a  gradual  superficial 
change  in  all  ite  characters.  This  change  pervades  at  first  but  a 
small  thickness  of  the  deposit  but  by  degrees  involves  the  drift  to 
the  depth  of  20  feet.  At  first  there  is  a  diminution  in  the  number 
of  visible  boulders ;  then  a  smoothness  in  the  creek  bluSs ;  then  a 
gravelly  clay  on  the  surface,  fine  and  close ;  then  a  closeness  in  the 
prairie  soil ;  then,  in  digging  wells  a  few  limy  concretions  are  seen 
mingled  with  small  gravelstones,  and  at  last  a  fine,  crumbling  loam 
clay  that  cannot  be  distinguished  &om  the  loess  loam,  which  extends 
to  Sioux  City  in  Iowa,  and  there  is  known  as  the  loess-loam  of  the 
Missouri  valley  and  has  a  thickness  of  several  hundred  feet.  Wells 
dug  in  the  southwestern  part  of  Rock  county  demonstrate  also  a 
similar  perpendicular  transition  from  loam  to  drift  clay,  the  former 
being  true  loess-loam  and  the  latter  true  hardpan,  or  boulder  clay. 
This  appears  like  rank  heterodoxy,  but  it  is  not  a  matter  of  opinion 
nor  theory.  It  is  the  result  of  actual  observation.  The  writer  was 
as  much  surprised  to  find  it  as  others  will  be  to  read  it,  and  it  . 
appears  almost  inexplicable.  The  writer  had  abundant  and  fa.oi:^ 
able  opportunity  for  observing  this  change  in  the  grades  and  cuts 
of  the  new  railroad  from  Lu  Verne  to  the  State  line,  and  verified  it 
in  wells  dug,  and  being  dug,  in  that  part  of  the  county.  In  some 
places  the  loam  passes  below  into  a  quicksand. 

Wa  have  here  then  a  series  of  changes  by  which,  between  the 
Coteau  and  Sioux  City  the  loess-loam  is  produced  from  the  drift 
hardpan,  by  the  slow  withdrawal  of  the  stones  and  gravel,  and  the 
gradual  predominance  of  water-action  over  ice-action,  the  Coteau 
being  the  limit  of  unmodified  ice-action  involving  the  vrhole  drift 
sheet.  It  is  not  impossible  that  ice,  in  a  broad  sheet,  underlay  the 
surface,  embracing  the  now  underlying  hardpan,  while  superficial 
waters  disturbed  and  modified  the  surface  of  the  drift  for  some  dis- 
tance south  of  the  Coteau,  Thus  it  seems  that,  by  the  agency  of 
water  very  largely,  a  considerable  tract  of  country  was  covered  by  drift 
which  differs  at  firet  but  slightly  from  the  true  hardpan,  but  at 
points  more  removed  from  the  field  of  glacial  action,  becomes  more 
and  more  clearly  a  water-deposit.  This  change  could  be  observed 
only  in  a  broad,  level  tract  like  southwestern  Minnesota.  This 
southward  conversion  of  the  stony  and  gravelly  clay  into  the  loess- 
loam  must  have  been  the  result  of  copious  drainage  and  wash  I'rora 
the  northern  drift,  but  a  wash  that  seems  to  have  been  so  gradual, 
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.  and  yet  so  profound  in  ita  effect,  as  to  have  embraced  at  once  a  gveat 
tlucknes^  of  the  drift  materials,  causing  them  to  flow  more  like  a 
pasty  mui  at  first,  than  water,  but  Anally  becoming  simply  a  muddy 
water.  This  process  ia  perhaps  what  covered  the  extensive  buried 
soils  and  vegetable  remains  in  Fillmore  and  Mower  counties,  beyond 
the  limits  of  the  last  ice-period,  without  wholly  disrupting  them, 
and  perhaps  will  account  for  the  same  phenomenon  in  Ohio  and 
Illinois.  It  seems  evident  that  the  vast  moraines  of  the  northwest, 
where,  in  similar  topography,  the  changes  witnessed  in  the  drift 
must  be  due  to  changed  cliraatic  conditions,  mark  great  epochs  in 
the  history'  of  the  ice-age.  There  are  two  such  that  cross  Minnesota, 
the  older  being  the  Coteau,  and  the  younger  the  Leaf  Hills.  Cor- 
lesponding  to  the  latter  the  Kettle  Range  in  Wisconsin  seems  a 
parallel  phenomenon.    [See  also  the  report  on  Ramsey  county.] 

There  is  evidence  of  glacier-action,  or  what  has  beeii  recognized 
,aa  evidence  of  glacier-action,  in  Rock  county  south  of  the  Coteau. 
The  quartzyte  is  polished,  striated,  and  sculptured  superficially  on 
the  tops  of  the  ridges  in  the  central  part  of  the  county  as  only 
glacier-ice  is  known  to  do.  At  the  Pipestone  quarry,  (near  "  The 
Three  Maidens  ")  such  marks  run  22  deg.  W.  of  S.  by  compass.  On. 
the  strike  of  the  ledge  at  the  same  place  they  ran  S.  10  deg.  E. 
varymg  to  20  deg.  W.  of  S.  On  Sec.  13,  T.  105,  R.46  W.  they  run 
in  two  directions,  one  direction  being  nearly  N.  and  S.  and  the 
other  S.  52  deg.  E.  within  the  valley  of  a  little  stream.  On  the 
rock  near  the  top  of  the  southern  side  of  this  valley,  which  is  a 
slight,  shallow  depression,  glacial  marks  runs  S.  22  deg.  W.  This 
is  but  a  few  rods  from  the  last  observation  above.  At  another  point, 
about  ten  miles  north  of  Lu  Verne,  glacial  marks  were  observed 
running  nearly  N.  and  S.  On  the  rock  at  '"The  Mound"  they  run 
S.  20  deg.  W.  by  compass.     It  seems  almost  impossible  that  in  so 

■  level  and  open  a  country,  and  on  the  same  rocks,  without  apparent 
cause,  the  glacier  which  must  have  been  hundreds  of  miles  wide,  if 
it  existed  here  at  all,  could  have  taken  so  diverse  directions  in  so 
short  distances.  It  cajinot  be  doubted,  however,  that  this  markiug 
was  done  by  a  force  that  exerted  a  great  pressure  at  the  same  time 
that  the  marks  were  made.  This  pressure  is  evinced  not  only  in 
the  marking  itself,  which  is  on  the  hardest  formation  found  in  the 
State,  hut  in  the  innumerable  checks  and  flaws  that  cover  the  surface 
where  this  rasping  has  taken  place,  and  yet  leave  it  in  the  main  a 
smoothed  and  rounded  or  stossed  surface.  These  checks  run  curvingly 
downward  at  varying  angles  with  the  surface,  and  to  all  depths  less 
than  an  inch,  but  usually  less  than  one-sixteenth  of  an  inch,  and 

.  indicate  perhaps  an  incipient  crushing  to  the  depth  of  at  least  an 
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inch.  They  show  in  what  nianner  the  rasping  reduced  the  original 
projecting  knobs.  Where  the  natural  seams  or  planes  of  jointage 
cross  the  rock,  these  little  checks  are  larger,  causing  the  quartzyte  to 
chip  off  sooner  and  deeper  with  a  curving  and  choneoidal  fracture. 
This  prevailing  direction  is  traiisTerse  to  the  crushing  force,  so  that 
the  rock,  along  some  grooves,  haa  a  short  conchoidally  laminated 
stmctiire  transverse  to  the  grooves,  penetrating  it  to  the  depth  of  a 
quarter  to  half  an  inch,  exhibited  now  in  a  series  of  little  curving 
furrows  where  the  laminae  broke  off  successively,  the  concavities  of 
the  laminae  being  toward  the  noiih. 


2K 


striated  red  lunrtzyte  In  Itock  county, 

This  marking  is  represented  in  Fig.  10,  but  the  figure  does  not 
show  a  great  many  fine  checks  with  which  the  surface  of  the  rock 
is  nearly  covered,  but  it  shows  correctly  the  prevailing  direction  of 
the  curvature,  and  its  relation  to  the  moving  force.  This  manner 
of  glaciated  marking  is  visible  on  Sec.  13,  T.  105,  R.  46,  and  also  on 
"The  Mound,"  near  Lu  Verne.  It  can  be  compared  to  a  cross- 
grained  planed  board,  where  the  plane  has  been  driven  against  the 
grain,  except  that  the  cut  edges  are  curved  so  as  to  present  their 
concavity  toward  the  cutting  or  planing  force. 

It  has  already  been  mentioned  that  there  are  but  few  boulders  in 
Rock  county.  They  are  generally  confined  to  the  creek  hlufls  and 
valleys.  Even  on  the  plateau  caused  by  the  red  quartzyte  running 
from  near  Lu  Verne  northwestward  they  are  not  seen,  or  are  so  rare  as 
to  be  noteworthy.  This  is  an  anomaly.  In  ice-covered  regions,  /.  e. 
in  regions  known  to  have  been  last  passed  over  by  the  ice  of  the 
drift  epoch,  there  would  lie  no  place  where  foreign  boulders  would 
be  found  more  thickly  than  on  such  rocky  elevations. 

In  traveling  over  the  plateau  of  quartzyte,  about  on  Sec.  16, 
Hound,  one  large  solitary  grauite  boulder  may  be  met  with.  It 
lies  directly  on  the  quart/.yte.  It  is  rough  and  granulated,  and  there 
is  a  circular  excavation  or  concavity  in  the  soil  in  which  it  lies.  It 
is  about  ten  feet  long  and  five  feet  high,  and  has  a  groove  horizon- 
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tally  cirCDmscribing  it  about  a  foot  in  width  and  three  or  four 
inches  deep.  Taken  altogether  it  immediately  reminds  the  be- 
holder, not  less  by  its  general  shape  than  by  this  groove,  of  the 
stone  hammers  sometimes  found.  Its  size  precludes  its  being  one, 
bnt  its  shape  is  very  like  them.  The  groove  may  have  been  formed 
by  the  action  of  ice  and  water  on  its  sides,  as  it  has  the  appearance 
of  lying  in  ordinary  seasons  in  a  little  lake  of  water,  which  at  the 
time  of  this  examination  was  entirely  dried  up.  Tnis  boulder,  like 
the  "Three  Maidens,"  at  the  Pipestone  quarry,  mmt  be  referred  to 
the  date  of  the  boulder  clay,  and  in  that  case  it  nras  not  disturbed 
by,  but  probably  witnessed,  the  spreading  the  loam  which  came 
later. 

The  "Three  Maidens,"  and  the  tliree  others,  (smaller)  that  make  up 
the  cluster  of  six  granite  boulders  lying  ju^t  outside  the  Indian  Reser- 
vation at  the  Pipestone  quarry,  also  rest  on  the  surface  of  the  red 
quartzyte  about  60  rods  southeast  of  the  quarry  and  at  the  foot  of 
the  long  ledge  or  escarpment  that  passes  north  and  south.  They 
evidently  once  constituted  one  immens;  boulder  and  have  become 
six  &om  the  falling  apart,  under  the  influence  of  frost,  of  the  gran- 
ite along  its  natural  seams  or  joints.  Such  a  separation  of  large 
boulders  is  sometimes  seen  on  the  prairies  in  Minnesota  under  cir- 
cumstances which  demonstrate  their  former  entirety. 

On  the  surface  of  the  glaciated  quartzyte  about  these  boulders, 
which  is  kept  clean  by  the  rebound  of  the  winds,  are  a  great  many 
hieroglyphic  inscriptions,  which  were  made  by  pecking  ont  the 
rock  with  some  sharp-pointed  instrument.  They  are  of  different 
sizes  and  dates,  the  latter  being  evinced  by  their  manner  of  crossing 
and  interfering,  also  by  a  difference  in  the  weight  of  the  instrument 
used.  They  generally  represent  some  animal,  such  as  the  turtle, 
wolf,  bear,  badger,  buffalo,  elk,  and  the  human  form.  The  "craneV 
foot"  ia  the  most  common.  They  are  very  similar  to  those  repre- 
sented on  Plates  XI  and  SII  of  Vol.  H,  of  the  "Bnlletins  of  the 
IT.  S.  Geol.  and  Geog.  Sur.  of  the  Territories,"  accompanying  the 
article  of  W.  H.  Holmes  on  Ancient  Ruins  in  Southwest  Colorado. 
The  Indians  regard  the  "Three  Maidens,"  represented  by  the  three 
larger  boulders,  as  the  maids  from  whom  the  tribes  sprung  after 
the  destructive  anger  of  the  Manitou  had  slain  the  people.  It 
would  seem  as  if  any  warrior  or  hunter  who  had  been  fortunate  in 
the  chase  and  happened  to  pass  here,  .left  his  tribute  of  thanks  to 
the  Great  Spirit  in  a  rude  representation  of  his  game,  and  perhaps 
a  figure  of  himself,  on  the  rocks  about  these  boulders  In  some 
cases  there  is  a  connection  of  several  figures  by  a  continuous  line, 
chipped  in  the  surface  of  the  rock  in  the  same  manner,  as  if  some 
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legend  or  adventure  Tvere  narrated,  bat  for  the  most  part  ths  fig- 
ures are  isolated.  This  is  the  "sacred  ground"  of  the  locality. 
There  are  hieroglyphics  at  no  other  place  around  here,  though 
there  is  abundance  of  bare  rock. 

Common  Wells  in  Bock  Cotiiitij. 

The  water  of  wells  in  the  loam,  or  in  the  drift-clay,  is  very  hard. 
This  is  caused  by  a  large  amount  of  limestone  gravel  disseminated 
through  all  the  materials  of  the  drift,  derived  from  the  limestones 
of  Winnipeg.  There  is  occasionally  a  water  which  has  a  distiuctly 
alkaline  character,  but  this  is  not  common.  Nearly  all  the  wells  of 
the  county  are  curbed  with  pine  boards,  and  from  that  fact  great 
numbers  of  them  are  contaminated  with  the  organic  decay  known 
to  result  froni  that  practice,  and  a  number  were  examined  that 
were  very  foul  from  thjt  cau^e.  Several  recent  cases  of  typhoid 
fever  at  Lu  Verne  are  directly  referable  to  that  cause,  and  no  doubt, 
if  the  facts  could  be  known,  many  others  in  the  country  could  be 
accounted  for  in  the  same  way.  The  curbing  of  wells  in  the  prairie 
regions  with  pine  boards  or  planks  is  very  common,  owing  to  the 
lack  of  convenient  stone,  and  the  ease  of  constructing  such  curbs  of 
wood ;  but  it  is  a  practice  which  all  well-diggers  should  loudly  and 
persistently  protest  against,  and  which  all  the  owners  of  wells  should 
discontinue,  as  it  is  a  fruitful  source  of  foul  water,  causing  intestinal 
diseases  and  typhoid  fevers.  The  adjoined  table  shows  the  depth 
and  character  of  some  of  the  wells  of  the  county. 
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Material  Resources, 

These  counties  contain  some  of  the  hest  farming  lands  in  the- 
state.  They  are  not  broken  by  rock  exposure  (except  through  the 
central  part  of  Rock  county),  so  that  nearly  all  their  area  is  tillable. 
The  rooks  that  underlie  them  are  not  known  to  hold  anything  of 
great  economical  Aalue.  They  will  serve  as  a  building  material,  but 
are  rather  hard  even  for  that,  and  it  may  be  found  more  economical 
to  bring  in  by  railroad  the  building  stones  of  the  eastern  counties. 
-  The  main  matenal  product  of  these  counties  is  now,  and  will  always 
remain,  wheat,  of  which  they  will  produce  as  much  to  the  acre  as- 
any  county  in  the  State. 
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VII. 
PALAEONTOLOGY. 


Kofes  on  the  Fossils  of  the  Trenton  i>>  Minnesota. 

During  the  month  of  July,  1877,  some  time  was  given  to  the  ex- 
amination and  lurangenient  of  some  of  the  fossils  of  the  Trenton  in 
the  collections  of  the  survey,  continuing  thus  the  work  begun  the 
season  before.  As  but  little  time  could  be  had  for  this  part  of  the 
work  of  the  survey,  the  results  are  meager.  The  fossils  represented 
bj'  the  following  list  are  additions  to  those  named  in  the  report  of 
last  year.  It  was  found  that  a  greater  range  of  authorities  for 
reference  was  necessary  for  the  reliable  identification  of  our  speci- 
mens, and  measures  have  been  taken  for  procuring  many  foreign 
and  American  works,  containing  descriptions  of  the  fossils  of  this 
horizon. 

By  reference  to  the  Museum  Report  accompanying  this,  the  cor- 
responding numbers  of  the  Register  will  be  seen,  and  other  particulars 
of  each  species  ascertained. 

No.  90.  Asajihua  extans,  H.  9  (Compare  Ko.  399).  This  specimen  has  been 
in  the  museum  a  number  of  yeais,  and  its  origiD  >b  onknown;  but  its  similarity 
to  specimens  obtained  of  Mr.  W.  D.  Hurlbut,  from  Trentfln  Falla,  N.  T.,  tenders 
its  source  leas  doubtful.  It  ia  probabljfrom  the  Trenton  formation  in  Minnesota. 
IthasatuberculattdBttriaceinsteadof  alamelloseone,  as  A.  fcrfnjis  is  described 
bjEali.  » 

No.  172.  This  block  contains  fragnients  of  the  crinoid  of  Hall,  Schizocrinui 
nodosus,  with  an  unidentifiable  species  of  Murchitonia,  and  ftafrments  of  a 
trilobite.     Locality,  Pleasant  Grove.  Olmsted  county, 

Ko.  185.  Slabs  containing  filrophoiiuna,  Orthig,  CktstHes,  ft  al.  Fillmore 
county. 

No.  186.  Oiihh  perrda  Con.  These  are  considerably  larger  than  the  tj-pe 
apedmens.    They  are  from  Taylor's  quarry  near  Fountain,  Fillmore  county. 

No.  189.    Fragments  of  Asaphus  gigtm,  H.    From  Fillmore  w)unty. 

No.  191.  Slahwitti  Lfpt(Hiasen(ea,  Sow.  Oiihi.t  emacerata,  II.  StvophoimtM 
JiUlexIa,  II.  ami  Strophomena,  hiVcms,  BUI. ;  from  Fillmore  county. 
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No.  192,  PoleriocrinitM  eaduceiis,  H.  Oi-this  teMuduutria,  Dal.  Rkifncho- 
mBa  eapax,  Con.  are  also  from  Fillmore  couutj. 

No.  197.  Thie  is  prorieionallj  named  Othoctrat  laqueatum,  H.  bat  tbe  agree- 
ment ifl  not  satisfectory.  Locality,  Spring  TaJley,  Filbnore  coontj.  (Compare 
No.  214.) 

No.  208.  Strvphomaialmuiitriata.(f)  Compaxe  in O3.20iaiii311.  Loealiiy, 
Sec.  17,  Rochester,  Olmated  county. 

No.  214.  Ttiis  slab  shows  Leptawi  tericea,  Som.  Murehisonia  bidncta,  H. 
Orihocertu  laqueatum,  B.  Belltrvphon  Hlobalus,  Soto,  Strophomfna,  nittns, 
BUI.  and  Shynehonella  eapax.  Con.    Loealiiy,  Spring  Yalley,  Filliiiote  count;. 

No.  '242.  Cgrtoeeraa  areuatum,  H.  has  been  obtained  from  Holden,  Qoodhoe 
conn^. 

Noi  243.    Oneoctraa  eonetrictum,  H.  it  f^rom  the  same  loc^ty. 

Mo.  252.    Orlhoetnu  verWbraU,  H.  is  from  the  same  locality. 

No.  269.  Orthis  mtbqmdrata,  B.  has  been  identiEed  from  Sec  30,  Forest- 
ville,  Fillmore  county. 

No.  2^.  Strophoaiena  ftvctuo»a.  Bill,  m  found  in  the  upper  iayers  of  Will- 
son's  quany  at  Manlorville,  Dodge  count;,  which  ia  in  tlie  Galena. 

No.  294.     GraptoUthiu  scalaria,  lAnne  is  found  in  the  HUne  layers. 

No.  297.    D^^ci^ta  Pelop«a,  Bill,  is  found  in  the  same  layers.  Compare  No.  263. 

No.  307,     ChaieUs  pdropolitanug.  Pan.  f  a  found  on  Sec,  21,  Forestrille. 

At  Minneapolis  have  been  identified  different  forms  of  fiAyncA0rwIIacapa^,Cort. 
and  ai  Orthie  perveta.  Con.  The  following  have  also  been  found  at  Uinneapolis: 
Orihia  tmaetrata,  B.  Yar.  nuMiaecta,  Jamta.  Chtetetee  Lyeoperdon,  H,  Mureh- 
itonia  bidncta,  H.  PUurotomaria  siAeontea,  H.  Schicocrinut  nodoms,  H.  Cfr- 
toUUt  eompTMrntt,  Con.  and  Bellervphon  bikbatut,  Sour. 

No.  348,  Cyrtolita  eompretna.  Con.  oocnra  on  Sac.  16,  Pleasant  Gcove,  also 
Orthoeeraa  gtrigatum,  H.  (Nos.  350  and  381.) 

From  Pleasant  Giotc,  Olmsted  county,  also  comes  Oneoetraa  eonelrietum,  H, 
(No.  352). 

No.  876.    A»aphM  gigaa,  H. — from  St.  Chailee,  Winona  county. 

No.  397.    Orthoetraa  eerMmOe.  if.-'&om  St.  Charles,  Winona  county. 

No.  392.    Orthi*  bOla-rugom,  Ot.-*(wn  St.  Charles,  Winona  county. 

No.  399.  Asaphm  txlant,  H.  (f)  (Compare  No.  90).  This  specimen  was 
obtained  of  W.  D.  Eurlbut,  and  is  from  Trenton  Falls,  N.  Y.  It  differs  trom 
Prof.  HoU's  deetxiption  of  A.  extana  in  having  a  surface  rather  pustulated  than 
lamelloee. 

No.  410.  A»aphuagigai,  H.  and  Strophomfna  filitexta,  B.—fiaia  St.  Charlea, 
Winona  county. 
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REPORT  ON  THE  GEOLOGY  OF  RICE  COUNTY. 


BT    L.  B.  SPERBT. 


Situation  and  Area. 


The  northern  border  of  Rice  contttjr  is  about  85  milet  eon^  flf 
St.  Pan],  and  its  eastern  border  is  about  the  flame  difltance  west  of 
Lake  Pepin.  It  ie  bounded  on  the  north  by  portions  of  Dakota  ami 
Scott  counties ;  on  the  east  b;  Qoadhue  count;  ;  on  the  south  bj 
portions  of  Steele  and  Waseca  counties,  and  on  the  west  by  Le  Soenr 
county.  It  J8  four  Qovemoient  townshipst  or  21  milsa,  in  width. 
east  and  weat,  The  western  portion  of  the  eonnty  is  of  the  sanw 
lengA — S4  miles  north  and  south — but  the  eastern  two  tien  of 
townships  are  shorter  by  6  miles. 

The  county  contains  14  townships,  each  of  them,  except  two^ 
containing  36  square  miles.  Of  these  two  exceptions,  one,  Bridge- 
water,  contains  10  si^uare  miles,  and  the  other,  Northfield,  M  aqnai* 
miles. 

Its  area  then  is  330,240  acres,  of  which  nearly  one-half  is  timhra- 
land  inteiepersed  with  many  lakes. 

There  Is  but  very  little  land  in  the  county  unfit  for  tillage. 

Th^  portion  east  of  the  Straight  and  Cannon  rivers  is  the  finest 
of  prairie  land,  while  most  of  that  west  of  these  rirers  is,  or  was 
originally,  covered  with  valuable  timber,  which,  on  being  removed, 
leaves  a  strong  and  fertile  soil. 

Fairbault  is  the  county  seat.  Northfield,  Morri6town,  Dundo* 
and  Shieldaville  are  the  principal  towns. 
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Natural  Drainage. 

Tlie  drainage  of  the  county  is  to  the  north  and  east.  Straight 
river  enters  the  county  2i  miles  east  of  the  middle  of  the  southern 
border,  and,  flowing  northward  about  8  miles,  forms  a  junction, 
(where  the  city  of  Fairbault  now  stands)  with  the  Gannon  river, 
which  enters  the  county  about  2  miles  north  of  its  southeast  comer. 
Prom  the  junction  of  the  Straight  and  Gannon  rivers — taking  the 
latter  name — the  waters  flow  northward  and  leave  the  county  4 
miles  east  of  the  meridian  line  upon  which  the  Straight  river  en- 
ters its  borders.  The  western  half  of  the  county  contains  about  a 
score  of  shallow  but  pretty  lakes,  which  receive  the  surface  waters 
of  their  localities,  and  empty  for  the  most  part  by  very  circui- 
tons  routes  into  the  Gannon.  The  Straight  and  Cannon  also  re- 
ceive the  drainage  from  the  eastern  portions  of  the  townships 
through  which  they  flow ;  while  the  eastern  tier  of  townships,  for 
tht  most  part,  shed  their  waters  through  small  streams  into  the 
Little  Cannon  and  Zumbro  rivers  in  Goodhue  county.  The  Straight 
river  enters  the  coonty  in  the  Lower  Trenton  formation,  and  cats 
through  into  the  St.  Peter  sandstone  3  miles  north  of  the  county 
line,  near  Walcott's  mill. 

A  short  distance  from  Walcott's  the  river  makes  an  extensive 
bend  toward  the  south,  and  on  reaching  Faribault  has  cut  80  feet 
into  the  sandstone. 

At  a  point  near  the  line  separating  Bridgewater  and  Gannon  City 
townships  the  river  has  cat  through  the  St.  Peter  sandstone  and 
b^ns  its  flow  over  the  Shakopee  limestone,  into  which  it  has  cut 
about  do  feet  when  it  leaves  the|northem  boundary  of  the  county. 

This  des(!ent  of  about  150  feet  injcrossing  the  county  furnishes  at 
least  eleven  available  mill  privileges  which  have  been  improved  and 
are  in  operation. 

The  following  tabular  exhibit  shows  the  most  important  and  in- 
teresting foots  relative  to  these  : 
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Water  Power  Mills  in  Rice  County. 


Name  of  Hill. 

Owner. 

Location. 

stream. 
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Cannon.... 
Cannon. .. . 

Jesse  Ani»  ft  Son... 

MorthAeld  Hillj.... 
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Surface  Features  and  Soil. 

The  eastern  portion  of  the  county  is,  for  the  most  part,  a  high 
and  gently  rolling  prairie  of  great  beauty  and  fertility. 

Skirting  the  small  streams  there  is  a  little  timber,  and  along  the 
east  bank  of  the  Straight  river — and  also  of  the  Cannon,  from  iti 
junction  vith  the  Straight  northerly  to  Dundas — there  is  a  belt  of 
timber  averaging  about  3  miles  wide.  The  soil  bearing  this  belt 
of  timber  is  sand;  with  gravel  subsoil,  and  is  of  comparatively  little 
value  for  agricultural  purposes. 

The  surface  of  the  southwest  part  of  the  county  lies  above  the 
Trentcn  formation  and  is  gently  undulating. 

The  Bur&ce  of  the  northeast  part  is  more  broken  because  the 
Trenton  iS  largely  carried  away  and  the  St.  Peter  sandstone  is  eroded 
to  quite  variable  depths. 

The  western  portion  of  the  county  also  is  quite  undulating — 
sometimes  rough  and  hilly — and  over  the  greater  part  is  covered 
with  heavy  timber,  interspersed  with  many  beautiful  but  shallow 
lakes. 

The  sui&ce  soil  is  usually  a  dark  loam,  but  is  generally  very  thin. 
A  strong  and  productive  yellow  clay  overlying  thick  deposits  of 
blue  clay — which  is  frequently  exposed — characterize  the  soil  of  this 
region.    Maple,  Elm  and  Basswood  characterize  the  timber. 

There  are  about  twenty  beautiful  lakes  in  the  western  half  of  the 
county,  ranging  from  one  to  ten  square  miles  in  area,  and  varying 
from  ten  to  fifty  feet  in  depth.  These  lakes  abound  in  fish  and  are 
much  frequented  by  sportamen. 
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The  southwestern  part  of  the  county,  being  lower  and  more  sandy, 
furnishes  better  beaches  for  its  Iak«8  than  are  found  further  north 
where  clay  deposits  overlie  and  conceal  the  sand. 

I  am  under  obligation  to  Surveyor  Jewett,  of  Fairbault,  througk 
whose  kindness  I  secured  the  following: 


SURVEYOR'S  NOTES  OF  RICE  COUNTY. 
Township  109,  Range  19. — Rtchlajtd, 

Bollini;  piajrie.  Soil  a  black  Iccun  with  day  aubsoil.  The  north  branch  at  the 
Ziunbro  river  flows  easterly  through  the  northeni  part,  taking  the  soriace  water 

of  nearly  the  whole  town. 

Toumahip  110,  Bange  19. — Whkelhiq. 

Snr&ce  rolling,  beooming  blufiy  along  the  creek.  The  east  bmnoh  of  Prairie 
creek  headanear  the  center  of  the  town,  where  there  ieabodj  of  abont  one  eedJon 
of  tamber.  This  creek  flows  northeasterly,  and  forma  a  volley  from  one-ei^th  to 
one-fourth  of  a  mile  wide,  abont  fiflj  feet  below  the  general  level  of  the  prairie. 
From  the  bluffs  along  this  valley  in  the  n<nth  part  of  the  town  limestone  crops 
out  with  sandstone  below. 

Totvn  111,  Range  19. — Noexhfield. 

Sorface  moBtly  a  high  rolling  prairie  sloping  toward  Prairie  creek,  which  mns 
northeasterly  through  the  township;  a  part  of  the  town  is  drained  northwesterly 
toward  Cannon  river.  Soil  a  rich  black  loam;  clay  subeoil;  limestone  in  blii% 
along  the  creek;  sandstone  below, 

Toum  109,  Range  20.— W xlcoti. 

Surfiice  rolling  to  hilly;  slopes  toward  Straight  river,  which  runs  northerly 
through  neariy  the  center  of  the  town ;  a  body  of  timber  three  to  four  miles  wide 
lies  on  the  east  side  of  the  river.  Limestone  appears  in  the  bed  of  the  river  as 
far  north  tn  Sec.  4.  North  of  this  point  it  appears  in  the  bluffs  from  20  to  50 
feet  above  the  river.  Soil  m  the  river  valley  light  and  sandy  with  gravel  subsoil; 
rest  of  town  black  loam  over  clay. 

Town  110,  Range  20. — Canson  Citt  and  Faribault. 

Surface  quite  rolling;  bluffy  along  the  east  side  of  river.  The  Straight  rivar 
formB  junction  with  the  Cannon  river  in  Section  30,  from  which  point  the  Cannon 
river  mns  northeasterly  to  the  centre  of  the  north  boundary.  The  two  eastern 
sections  are  prairie;  the  remainder  of  the  town  is  timber  land;  soil  a  rich  loam 
with  clay  eubsoH.  Limestone  crops  out  of  river  bluffs  with  sandstone  below;  a 
small  lake  in  Sec.  15,  containing  46  acres. 
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Town  111,  Range  20. — Bbidoewatbk. 

Land  rolling;  becomes  blafiy  alonf  the  river  aa  tax  north  aa  Section  10.  Can- 
non river  flows  oortheuterl;  throngji  tiie  eaetem  part  of  the  town.  About  six 
sections  on  east  side  of  town  are  prairie;  rest  of  town  timber  Umd;  b(h]  black  loam 
w  ith  da;  Bubeoil,  eioepting  on  river  bottoms,  where  the  toil  is  light  and  saody 
.  over  a  gravelly  robsoil;  limestone  in  the  blafi's  along  the  river  south  of  Section  10. 
InSecticoi  litappeaniu  the  bed  of  river. 

Town  109,  Bange  2J.— Wabsaw. 

Snr&ce  rolling;  diains  toward  the  north;  Cannon  lahe,  with  an  area  of  1475.28 
acres,  lies  in  the  northwestern  part  of  the  township;  fbnr  sections  of  land  nortli- 
westof  lake  are  timber  land;  rest  of  town  is  prairie  and  brush  land;  soil  black 
loam  over  clay  subsoil. 

Town  110,  Bange  2i.— Wells. 

AH  timber  land  excepting  Sectionn  35  and  S6;  sarhice  rolling;  soil  black  loam 
with  cli?  below;  areaof  iDeanderedlakee21U.44acrea;  dnunstowardthesouth. 

Bourn  111,  Bange  21.—Fokesz. 

AH  timber  land;  sur&ce  rolling;  draining  eastward;  soil  black  loam,  day  miLi- 

BOil;  areaoflakea,  1694.41  acres. 

Town  112,  Range  21. — Webster. 

Timber  and  brush  land;  suriace  rolling:  drains  to  the  sonth  and  east;  soil 
light-colored  loam  over  day.    Area  of  meandered  lakes,  208.81  acres. 

Tmvn  109,  Bange  22. — MoBBisiowif. 

Nine  sections  in  southeast  part  prairie  land;  remainder  of  town  limber.  Can- 
non river  Sows  easterly  through  the  center  of  township;  sur&ce  rolling,  slopes 
towards  the  river;  soil  a  rich  black  loam  with  clay  subsoil.  Area  of  meandered 
waters,  935.70  acres. 

Town  110,  Bange  22. — SHrKLi>8VTLLE. 

Sur&ce  rollmg,  becombg  hilly  in  some  parts  of  the  town ;  soil  black  loam  over 
clay.    Area  of  lakes,  2574.23  acres.    The  Cannon  river  heads  in  Tuft's  lake,  ia 


,Totcn  111,  Bange  52.— Ebin. 

Snrface  roUing  to  hilly,  timber  and  brash  lauds;  soil  ridi  loam  over  clay.  Area 
of  lakes,  856.32  Bcrw. 

Toum  112,  Bange  22. — Wheatland. 

Q  clay  subsoil;  timber  aad  brush 


byGoO'^lc 


8TAT>   GBOLOOIBT.  119 

Timber. 

As  before  stated  the  eastern  portion  of  the  coaaty  originally  pro- 
duced timber  only  along  the  streams.  Throngh  cultivation  for 
shade,  hedges,  protection  from  winds,  &c.,  timber  is  increasing  o>dr 
this  area. 

The  western  half  of  t^e  county  was  originally  covered  with 
heavy  timber — excepting  a  few  limited,  enclosed  spaces,  which  were 
■open  prairie,  or  sparsely  covered  with  oak  and  under-brush — and 
forms  &  part  of  what  is  denominated  the  "Big  Woods." 

This  region  is  being  cleared  up  rapidly  and  there  are  now  many 
fine  farms  in  every  township  of  the  timber  regions  of  this  county. 

The  ibllowing  list  embraces  all  the  native  trees  and  shrubs  that 
were  noticed  during  the  survey.  It  is  not  believed,  however,  that 
it  includes  all  that  grow  naturally  in  the  limits  of  the  county  : 

Baaswood.    Tilia  Americana.    L. 

SmooUi  Somach.    Rhus  glabra.    L. 

Jersey  Tea.    Ceanothns  Americaiius.    L. 

Sugar  Maple.     Acer  sacchariDum.     Wang. 

Silver;  Maple.    A.  dasjcaipum.    Ekr. 

Red  or  Swamp  Maple.    Acer  robrum.    L. 

Box-Elder.    Negundo  aceroides.    Moeneh. 

FaUe  Indiso.    Amorpha  fraticoea.    L. 

Locuat.    Robiaia  Faeudacacia.    L.    Cultivated. 

Cherrj.    Pmaue. 

Red  Raspberry.    Rubns  strigosiu.    Michx. 

filackbenr.    R.  vUIosob.    Ait. 

Crab.    Pynu  arbutifolia.    L. 

Dogwood.    Comu  panicolata.    L'Her. 

Wollberry.    SymphtmcarpiiB  ocddentalia.    B.  Br. 

Aah.    Fraxinns. 

Slipper;  Elm.    Ulmus  iiilva.    MieKx. 

Battemnt.    Juglaiu  dnerea.    L. 

Walnut.    Jnglana  nigra.    L. 

Hickory.    Cwya. 

BiuT  Onk.    QoNcne  macrocarpa.    Michx. 

Block  Oak.    Quennu  coccinea.     Wang.    Y&r  tmctoria.    Bartram. 

Wild  Hozle-nut.    Coiylus  Americana.     Walt. 

Iron-wood.    Ostrya  Vu^inica.     Willd. 

American  Aapen.    Popolus  tremnloidee.    Michx. 

Cottonwood.    P.  monilifera.    Ait. 

Large-toothed  Aapen.    P.  grandidentata.    Michx. 

Balm  of  GKlead.    P.  babamifera.    L.    Viu;.  candicaua.    Ait, 

Bed  Oak.    Quercus  rubra.    L. 

White  Oak.    Qnercas  alba.    L. 

Wild  Plum.    Prunus  Americana. 

American  Elm.    Ulmua  Americana.    (PI  Clayt.)     Willd. 
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Amerit^in  Ciab.    Pjnu  Coronaria.    L. 

Black  Cherry.     Pruniia  serotina.     Ehr. 

Bittemut.    Carya  amaia.    HuU. 

Wild  Ked  Cherry.    Pnmns  Penngylvanica,    L. 

Thorn  Apple.     CrataipiB  CruB-galli.     L. 

White  Birdi,    Betula  aiba.     Var.  popnlifolia.    Spach. 

Small  Cedar.    Juniperue  Sabina.    L.     Var.  procumbena. 

White  Pine.    Pinus  StrobuB.    L. 

Water  Beech.    Carpiniu  Americana.    Miehx. 

Cornel.    Comns  panicnlata.    L'Her. 

C(xntl.    Comns  dianala.    L'Her. 

American  Woodbine.    Lonicma  grata.    Ait. 

Jnneberry.    Amelanchier  Canadensis.     Torr  <£  Qrai/. 

Dwarf  Wild  Rose.    Rosa,  Incida. 

Pipe  Vine.    Aristolochia  Sipho. 

Qrape.    Vitis  cordifolia.    Miehx. 

Viryinia  Creeper.    Ampelopsis  quinquefolia.    Michx. 

Nine  Bark.     Spinea  opulifolia.    L. 

Bittersweet.    Celaatrus  scandens.    L. 

Rose.    Rosa  blanda.    Ail. 

Lombardy  Poplar.    P.  dilitata.    Ait. 

Speckled  Alder.    Almns  incama.     Willd. 

GEOLOGICAL  STBUCIDBE. 

In  general  the  drainage  of  Rice  county  is  toward  the  north  and 
east,  which  fact  indicates  the  relative  elevationa. 

The  Chicago  and  Milwaukee  R.  R.  survey  (Minnesota  Div.)  found 
the  elevations  of  the  natural  surface,  where  the  railroad  crosses  the 
northern  line  of  the  county,  to  be  over  1050  feet  above  the  sea  level. 
At  Faribault  depot  it  is  993  feet;  at  Dundas  depot,  945  feet;  at  North- 
field  depot,  905  feet.  The  entire  western  half,  and  the  southeastern 
portions  of  the  county  have  a  higher  elevation.  I  have  no  means 
of  knowing  positively  the  relative  elevations  or  the  highest  point 
in  the  county ;  but  judging  from  appearances  I  conclude  that  the 
rolling  prairie,  on  which  Cannon  City  is  located,  is  the  highest  by 
least  100  feet. 

The  only  geological  formations  that  appear  in  this  county  are 
the 

Loam, 

Drift, 

Trenton  Limestone, 

St,  Peter's  Sandstone, 

Shakopee  Limestone. 
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In  general  appearance  these  formatioiis  are  not  unlike  the  same 
fonnafciuns  aa  they  are  seen  in  other  portions  of  the  State,  and 
carefully  described  by  Professor  Winchell  in  his  reports  made  dur- 
ing the  past  few  years.  Xor  did  I  find  in  the  county  any  remark- 
able special  peculiarities  in  any  of  the  formations. 

The  Loam  is  deep,  dark-colored  and  fertile,  over  nearly  all  the 
eastern  portion  of  the  county ;  but  over  the  western  portion  as  a 
rule  it  is  thin. 

Drift,  consisting  largely  of  blue  clay  oveMain  by  a  grayish  yel- 
low clay,  characterizes  the  soil  of  the  western  half  of  the  county. 
Boulders  of  granite,  gneiss,  trap  and  porplyry  are  quite  abundant 
in  some  places ;  but  fine  clay,  with  small  quantities  of  gravel,  are 
the  rule  throughout  this  region.  No  well  yet  dug  in  the  western 
part  of  the  county  has  passed  through  the  blue  clay — though  some 
of  the  wells  are  over  100  feet  deep,  A  hint  as  to  the  depth  of  the 
clay  is  found  in  the  fact  that  a  well  dug  last  season  south  of  Rico' 
county,  about  30  miles  west  of  Owatonna — near  Janesville — after 
passing  through  200  feet  of  blue  clay  reached  a  sandstone  said  to 
be  identical  with  the  St.  Peter's  in  appearance.  An  abundance  o£ 
good  water,  which  rose  to  within  30  feet  of  the  surface,  was  found 
between  the  clay  and  the  sandstone.  This  fact  should  be  cozisidered 
by  the  residents  of  this  drift  and  timber  region,  as  many  of  them 
have  failed  to  secure  good  and  abundant  water  in  the  clay.  Indeed 
there  is  much  uncertainty  about  getting  good  well  water  in  this 
region.  Some  holes  at  100  feet  or  over  fail  to  bring  enough  wat«r 
for  drinking  and  cooking  purposes.  Some  wells  that  furnish  an 
abundance  of  water  are  so  strongly  impregnated  with  mineral  im- 
purities as  to  be  nearly  useless,  while  others  are  quite  pure.  It  is 
possible  that  good  water  which  would  rise  nearly  to  the  surface 
might  invariably  be  procured  by  boring  through  the  clay  to  the 
under-lying  rock. 

Illustrations  of  the  peculiarities  of  the  deposits  in  this  region  are 
seen  in  the  following  facts ;  On  the  S.  E.  side  of  Union  Lake  (7 
miles  west  of  Northfield)  Mr.  B.  Benton  dug  40  feet  and  secured  an 
abundance  of  water,  but  is  strongly  impregnated  with  some 
mineral  impurities.  About  40  rods  from  there  Mr.  M.  J,  Punk  se- 
cured better  water  at  16  feet ;  and  about  40  rods  further  Mr.  S.  A. 
Amsden  secured  nearly  pure  water  at  a  depth  of  36  feet. 

It  has  been  supposed  by  some  that  the  formation  underlying  the 
drift  throughout  the  timber  region  b  the  Cretaceous,  and  I  see 
that  Prof.  HiuTington  in  his  report  on  Steele  county  expresses  his 
belief  in  the  exbtence  of  the  Cretaceous  along  that  belt.  I  am  not 
satisfied  that  such  is  the  fact.    To  my  mind  there  is  but  very  little 
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evidence  of  it ;  bnt  I  do  not  desire  to  diacosa  ths  matter  till  I  have 
procured  mora  light  on  the  subject.  At  present  my  belief  is  that 
the  drift  rests  immediately  upon  a  thin  remnant  of  the  St.  Peter 
sandstone.  Perhaps  in  some  places  the  St.  Peter  ii  all  eroded  ao 
that  the  drift  r^ts  immediately  upon  the  Shakopee. 

Reference  to  the  accompanying  colored  map  of  the  county  will 
show  the  areas  of  the  different  formations  as  they  give  eTiden<»,by 
exposure  and  by  topography,  of  underlying  the  deposits  of  drifl 
and  loam. 

It  will  be  seen  that  the  Trenton  limestone  ia  nearly  removed  from 
the  western  part  of  the  county,  the  bluffs  along  the  Straight  river 
to  a  point  a  little  south  of  Faribault,  and  a  hill  near  Narthfield, 
being  the  only  places  where  it  occurs.  East  of  the  river,  however, 
it  is  extensive,  and  furnishes  abundance  of  material  for  building 
purposes  of  which  mention  will  be  made  under  the  head  "Material 
Resources." 

In  general  character  the  Trenton  resembles  so  closely  that  found 
in  other  parts  of  the  State,  and  so  carefully  described  in  previous 
reports  on  the  survey  of  the  State,  that  little  need  be  said  here. 

For  building  purposes  the  most  of  that  tound  in  this  county  is 
superior  to  that  quarried  near  St.  Paul,  in  that  it  contains  leas  clay 
and  does  not  weather  so  easily.  Ou  the  other  hand  the  Rice  county 
limestone  contains  more  concretionary  iron  pyrites,  and,  hence, 
necessitates  more  care  in  its  selection  for  architectural  purposes. 

The  Straight  river  cuts  through  the  Trenton  and  enters  upon  the 
St.  Peter  at  Walcott's  mill,  3  miles  south  of  Faribault.  At  a  point 
eight  miles  further  north  the  liver  (having  now  become  the  Can- 
non) haa  worked  its  way  through  the  St.  Peter  and  enters  upon  the 
Shakopee.  The  thickness  ol  the  St.  Peter,  in  Rice  county,  is  from 
100  to  125  feet.  It  appears  in  the  form  of  cliffs  at  frequent  points 
along  both  sides  of  the  river  from  the  place  where  it  is  first  reached 
by  the  Straight  to  the  northern  limits  of  the  county,  and  in  the 
northeastern  part  of  the  county  it  frequently  appears  in  the  hills — 
indeed  it  largely  gives  character  to  the  topography  of  this  section. 

Judging  from  the  topography  also  I  am  satisfied  that  many  of 
the  hilla  in  the  northwestern  part  of  the  county — in  Wheatland 
and  Webster  townships — consist  largely  of  the  St.  Peter  ;  but  they 
are  so  heavily  covered  by  drift  and  timber  that  I  could  neither  find 
nor  learn  of  any  exposures.  In  Cedar  Lake  there  ia  an  island  the 
topography  and  flora  of  which  indicate  the  St.  Peter,  capped  vrith 
Trenton.    I  was  unable  to  verify  this  by  excavations. 

There  is  no  place  in  the  county  where  the  St.  Peter  sandstone  is 
sufficiently  compact   and  firm  for  building  stone.     As  along  the 
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Mississippi,  it  may  be  removed  bj  pick  and  shovel.  In  color  it  is — 
W  along  the  Miss,  river — white  to  red,  according  to  the  percentage 
of  iron,  and  its  oxidation  resulting  from  exposuse.  No  fossils  are 
found  in  it  here. 

The  Shakopee  limestone  is  reached  by  the  Cannon  river  at  a 
point  about  i  miles  south  of  Dundas — 6  milns  south  of  Xorthfield. 

On  leaving  the  county  one-half  mile  north  of  Nortb£eId,  the 
river  has  cut  into  the  Shakopee  about  thirty  feet.  The  map  shows 
approximately  the  extent  of  this  formation  as  exposed.  The  de- 
scriptions of  it  in  preceding  reports  will  apply  to  the  formation  as 
•een  here. 

Material  Besourees. 

Limestone — both  forbuilding-stoueand  for  quick-limer— and  sand 
for  mortar,  are  abundant  along  the  valleys  of  the  Cannon  and 
Straight  rivers,  and  throughout  the  westetn  half  of  the  county ; 
while  in  the  western  portion  no  limestone  is  found. 

Good  clay  for  the  manufltcture  of  brick  is  sufficiently  abundant 
all  over  the  county. 

Stone  Qttarries 

aro  abundant  throughout  the  eastern  half  of  the  county.  The  bluffs 
throughout  this  region  are  capped  by  a  layer  of  the  Trenton  varying 
from  a  few  inches  to  several  feet  in  thickness. 

The  various  neighborhoods  of  this  section  have  their  quarry,  or 
quarries,  from  which  all  the  building  stone  for  general  pnrpc^es  is 
easily  obtained. 

Prairie  Greek  Valley  has  scores  of  quarries  opened  along  its  blufls; 
and  the  valley  of  the  Cannon  looks  up  to  as  many  more.  Good 
coursing^tone  is  furnished  at  Northfield  for  about  86  00  per  cord. 

At  "Fall  Creek,"  3  miles  east  of  Faribault,  there  is  a  fine  deposit 
which  is  being  extensively  quarried  by  its  owner,  Mr.  Phillip 
Cromer.  The  depodt  of  limestone  here  is  about  12  feet  thick  and 
is  covered  by  about  4  feet  of  drift  and  loam.  The  strata  in  this 
quarry  range  from  3  to  12  inches  in  thickness  and  are  easily  quarried. 
The  upper  stratum,  8  inches  in  thickness,  is  quite  light-colored  and 
filled  with  fossils  which  are  so  thoroughly  cemented  and  transformed 
as  to  render  the  atone  compact,  while  its  fossiUferous  nature  is  still 
clearly  apparent.  But  few  specimens  of  fossils  can  be  enucleated. 
The  rock  is  .infiltrated  by  gypsum  and  Iron  Pyrites  which  often 
cement  its  seams  quite  firmly. 
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Mr.  Cromer  sells  undressed  stone  for  prices  ranging  from  $5.00  to 
f  15.00  per  cord.  The  greater  part  of  his  busineBs  however  is  in  the 
best  varieties,  which  he  sells  bj  the  cubic  foot,  at  prices  ranging 
from  35  cents  to  75  centa. 

Mr.  N.  Lord,  2  miles  south  of  Faribault  on  the  west  side  of  the 
river,  has  two  quarries  opened,  from  which  he  has  sold  as  high  as 
SOO'  cords  in  one  year. 

In  Richland  township,  bordering  on  Goodhue  county,  Messrs. 
Halver  Johnson  and  Peter  Halverson  have  ea«h  a  fine  quarry  at 
which  I  saw  about  100  cords  ready  for  market. 

Messrs.  I.  Lenhart,  A.  Revere,  C.  Stetson,  D.  Ftirguson  and  P. 
Oleson  are  the  principal  quarrymen  in  the  vicinity  of  Northfield ; 
and  on  Prairie  Creek,  in  Wheeling  township,  Messrs.  J.  Thompson, 
A.  KnapfaadS.  Aslagaondoquiteanesteusive  business  in  quanying 
for  their  neighbors. 

Lhne  Kilns. 

The  uppertbur  strata  of  the  Lower  Tnnton  formation  as  exposed 
in  this  county  furnish  tolerably  good  material  for  quick-lime,  though 

in  some  places  the  deposit  is  too  silicious,  and  in  no  place  is  the 
lime  obtained  sufficiently  white  for  fine  work.  When  first  burned 
the  lime  is  yellowish  in  color,  but  when  slacked  is  nearly  white.  It 
is  excellent  lime  for  stone  work. 

Though  lime  has  been  burned  in  every  township  of  the  county 
east  of  the  Cannon  river,  it  is  not  now  made  a  regular  and  paying 
business  except  at  Phillip  Cromer's  kiln,  on  Fall  Creek,  near  Fari- 
bault. Mr.  Cromer  uses  a  patent  kiln  and  bums  from  3,000  to 
3,500  barrels  a  year,  which  he  sells  at  65  cents  per  barrel.  Three 
other  kilns  near  Fairbault,  owned  respectively  by  Messrs.  Pond,  Lee 
and  Lord,  burn  in  the  aggregate  about  1,000  barrels  per  year.  There 
is  a  kiln  one  mileirom  Northfield,  in  Dakota  county,  which,  supplies 
Northfield  and  vicinity.  This  kiln  burns  its  lime  from  the  beat 
strata  of  the  Shakopee  formation.  In  general  character  the  lime  is 
like  that  of  the  Trenton. 

*  Briclc. 

Rice  county  cont^ns  an  abundance  of  clay  for  the  manufacture 
of  brick  but  none  has  been  found  sufficiently  free  from  iron  to 
make  the  white  or  cream-colored  brick.  At  Faribault  Mr.  J.  G. 
McCarthy  makes  about  700,000  per  year,  which  he  sells  at  J6.00 
per  thousand.  One  season  he  made  one  million.  AIL  the  clay  of 
this  section  is  so  clear  that  to  make  good  brick  it  is  necessary  to  add 
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Henry  Durliam,  of  Faribault,  bums  about  300,000  per  year  and 
fiuda  lying  immediatelyunderthe  clay  aatratum  of  sand  for  mixture 
with  it. 

Another  brickyard  has  been  started  at  Faribault  this  season.  Ita 
character  and  success  are  not  determined.  At  FrairieTille,  Messrs. 
Meisner  and  Leonard  are  making  about  300,000  per  year.  Their 
brick  are  said  to  contain  considerable  lime  and  to  be  very  good.  At 
Morristown,  Mr.  Pettiel  makes  about  50,000  per  year.  Three  miles 
northeast  of  Faribault,  Mr.  Dungay  is  making  the  .best  brick  yet 
produced  in  the  county.  Hb  product  so  far  has  been  but  about 
100,000  per  year,  but  these  have  been  sold  at  from  17.50  to  S8.00 
per  thousand.  At  Shieldsville  one  kiln  is  burned  each  year  for 
home  supply,  and  at  Northiield  one  or  two  small  kilns  are  burned 
every  season. 

During  the  past  season  a  bank  of  clay  has  been  opened  about 
three  miles  from  Northfield  and  brick  for  the  new  college  building 
(St.  Olaf  s)  have  been  burned.    They  are  pronounced  of  fine  quality. 

In  making  the  survey  of  this  county  I  am  especially  indebt^  to 
Surveyor  Jewett,  of  Faribault,  for  surveyor's  notes  of  the  county, 
to  Professor  J.  J,  Dow  of  the  State  Blind  Asylum,  at  Faribault,  for 
his  valuable  company  and  assistance  during  several  of  the  days 
occupied  in  field  work,  and  t*  Professor  6.  F.  Thomas  of  Carleton 
College,  who  also  rendered  valuable  assistance. 

At  some  convenient  time  in  the  future  I  shall  hope  to  make  a 
aupplemmtart/  report  concerning  some  further  facts  and  features 
pertaining  to  the  Geology  of  this  county. 
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CHEMISTRY. 


OF  VaOF.  PECKHAM. 


Pnjf.  N.  H.  Winchell, 

Mt  Drar  9ir  : — The  chemical  work  for  the  Geological  Snirey 
during  the  laet  year  has  been  as  follows  : 

The  onalTaiB  of  the  aahee  of  17  itwcimetis  of  pciti. 

The  analysiB  of  fonr  specimens  of  peat  as  faeL 

The  analysis  of  the  water  of  the  Belle  Plaine  salt  spring,  so- 
called. 

The  examination  of  13  specimens  of  water  from  the  Bed  BiTMr 
VaUey. 

The  examination  of  8  specimeBs  of  water  from  Brainerd. 

The  examination  of  three  specimens  of  limestone,  and  of  concre- 
tions from  the  brick  clay  at  Hinneapolis. 

The  results  of  the  examination  of  the  peat  and  peat  ashes  are 
herewith  submitted.  The  water  from  Belle  Plain  was  procured  by 
myself  about  the  first  of  last  May.  On  reachitte  Betle  Plaine  I  en- 
quired for  the  spring  from  which  the  salt  water  nad  formerly  beea 
obtained  and  was  iruormed  that  the  bank  had  caved  in  upon  it  and 
it  was  filled  up  with  earth.  I  was  farther  informed  that  the  water 
oozing  from  the  base  of  the  bluff  was  as  salt  as  any  water  about 
there.  I  then  enquired  about  the  well  and  the  possibility  of  getting 
some  water  from  the  boring.  I  was  informed  that  no  water  could 
be  procured  from  that  source  as  the  pump  had  been  taken  out  and 
the  level  of  the  water  was  man;  feet  from  the  surface.  The  statioa 
agent  confirmed  this  information  and  I  saw  no  other  resource  but  to 
collect  such  water  as  I  could  from  that  flowing  from  the  bluff.  I 
brought  this  to  the  Labratory  and  soon  found  that  this  speciiaeii 
was  nothing  more  than  hard  well  water,  confirming  the  results  of 
the  examination  that  I  made  in  1873-4.    I  afterwaras  met  agenile- 
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maa  who  resided  in  Belle  Plaiae,  who  confirmed  the  statement  pre- 
Tionsly  mqde  to  me  that  I  had  probablv  got  a  specimen  of  as  salt 
water  as  any  that  was  to  be  had  there  now. 

Having  ascertained  that  there  wna  a  comparatively  small  amount 
of  solid  matter  in  the  water,  of  which  only  a  very  small  preportiou 
was  chlorides  of  any  kind,  that  the  water  contained  principally 
bicarbonates  of  lime  and  magnesia  with  some  sulphates  and  chlo- 
rides ;  in  fact,  as  stated  above,  that  the  water  was  nothing  but  a 
hard  well  or  spring  water,  I  concluded  that  it  would  be  useless  to  . 
make  an  estimate  of  the  gasses  dissolved  in  the  water,  or  of  the 
sabstances  contuned  in  small  quantity,  and  therefore  after  com-  - 
pleting  the  estimates  then  begun  I  did  not  continue  the  examina- 
tioa  fiuther. 

Bat  one  of  two  conclusiona  can  be  entertained  in  reference  to 
these  results ;  either  the  wrong  water  has  been  examined  or  the 
Belle  Plaine  s^i  springs  do  not  yield  salt  water,  I  purposely 
avoided  seeking  any  parties  at  Belle  Plaine  who  had  been  hitherto 
interested  in  the  salt  operations  there,  as  I  did  not  wish  to  prejudice 
m;  resolts  for  or  agunst  any  personM>r  intereeta. 

The  exMnination  of  the  specimens  of  Red  River  water  made  dnr- 
insthe  summer  Tacation  have  been  previously  reported  upon. 

The  examination  of  the  water  £rom  Bndneid  has  been  tureadj  re- 
ported upon. 

The  Bdie  Plaine  Water. 

IGnersI  nutter  in  solution 35.10  grtuna  to  galL 

O^anic  and  volatile  matter  in  solution 5.87     **        ** 

Total  solid  matter  in  solution 30.47     "      .  " 

Chlorine,  CI 8.152 

Silic*,SiO. ..^..^... 1.466, 

Ferric,  alamiuic  and 


TIC,  alamiuic  and \    ajq     ( 

phosphoric  oxide J   P  O  ^    ( 


Barium  sulphate Ba  SO*. A  trace  " 

Sulphuric  oxide SO3. 1.083  " 

Lime CaO 5.896  " 

K^nesia MgO 544  " 

Alkalies  and  carbonic  oxide  (CO.)  were  not  determined. 
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Peat  Ashes. 


saCOiandHiSIn  : 


..  COS,  trace  hOstr 
91  COi,  a  trace. 
..  PiOs  ft  trace. 

. ,  C(^  strong ;  PjOs  trace. 

n  COi  very  sniall ;  FiOj  &  Alkali 

BMroiiK.  PjOj. 
KalleB  a  trace. 
fa  COi  Strang,  Alkalies  a  trace. 
M  COi  strong. 
u  CO*  Strang. 
ST  CO»  Strong 
K  COs  Strang. 


Ho. 

Total  Volatile 

ffli... 

"■■ 

Remarks. 

S3 

laisi 

Toise 

48. e» 

46. en 
20;49 

Had  been  drted  about  Ibree  yeare. 
Had  been  dried  about  three  years. 
Bad  been  dried  about  three  years. 
Had  been  dried  about  three  years. 

Nos.  46,  47  and  48  are  limestones.*  They  were  examined  for  the 
tot^  amount  of  matter  insoluble  in  hydrocnloric  acid,  water,  iron, 
alumina,  phosphate  of  iron,  lime  and  magnesia  in  the  soluble  portion. 
As  there  was  only  a  trace  of  soluble  silicate  and  phosphates  the 
lime  and  magnesia  were  calculated  as  carbonates,  ^o.  47  gave  a 
small  per  cent  of  alkalies,  not  an  uuosual  ingredient  of  Ume  stones. 
Nos.  46  and  48  gave  only  a  trace  ot  alkalies. 

■No.  46  was  a  Sample  ol  the  coiunion  buildtng-stone  Iiom  Mlnaeapolls— "  No.  B  "  of  Um 
oectlon  below  the  Imlvertilty.   Keporttor  ISTS.  p.  149. 

No.  4T  was  a  sample  ol  the  building -stone  from  Taylor's  quany.  Dear  Fountain,  FiU- 
more  county,  and  was  camnact  and  non-ai^lluceaus. 

No.  4Swasastimnle  ol  the  Inipure  limestone  from  HlnneanoUs,  trom '' No.  I "  ol  tha 
Motion  below  the  university.    Report  for  igio.  p.  148.— N.  H.  W. 
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Analfsia  gare  the  following  results: 

No.  46. 

Portion  insoluble  in  hydrocliloric  acid 14.45  per  cent. 

Water{H,  0) 1.60       " 

Ferric  Glide  (Fe,  0)),  Alumina  (Ala  0.) |        ,  »f,       » 

Ferric  phospliate  (Fe.  P,  Ob) f         '"'^ 

Carbonate  of  Lime  (Ca  CO,) 75.482      "    . 

Carbonate  of  Magnesia  (Mg  CO3 ) 6.810     " 

100.043-     " 

Alkalies,  sulphuric  acid  and  solouble  silica,  of  each  a  trac^ 

No.  47. 

Portion  insoluble  in  hydrocloric  acid 9.890  per  cent. 

Water  (H.  0) 0.240  ,     " 

Ferric  oxide  (Fe,  O3),  alumina  (Al,  Oj) I      ■•  onn        'i 

Ferric  phosphate  (F.  P,  Oa) f     ^''^ 

Carbonate  of  Lime  {Ca  COj) 86.107 

Carbonate  of  M^nesia  {Mg  COj) 00.470 

Alkalies : 440 

99.447 

Sulphuric  acid  and  soluble  silica,  of  each  a  trace. 

No.  4S. 

Portion  insoluble  in  hydrochloric  acid 16.220  per  cent. 

Water  (H ,  0) 0.375        " 

Ferric  oxide  (H ,  0),  Alumina  )A1  lO,) )  •>  (^7=        h 

Ferric  phosphate  {Fei  P,  Os) f  '^'^'^ 

Carbonate  of  Lime 54.533        " 

Carbonate  of  Magnesia. 36.002        " 

100.205 

The  magnesia  is  a  fraction  of  one  per  cent  too  high.  Alkalies, 
sulphuric  acid  and  soluble  silica,  of  each  a  trace. 

These  results  would  give  these  limestones  the  following  values 
for  burning  into  lime.    If  completely  burned, 

100  pounds  of  No.  46  would  give  61  pounds  of  lime. 

"     "    47      "        "    60       

"        "        "    "    48      "        "    62       "       "      " 

Of  the  61  pounds  of  No.  46,  45,5  pounds  are  available  for  mortar, 
"    "   eo      '^         "     "    47, 49  
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The  moi-tar  from  Nos,  i6  and  47  would  he  nearly  a  pure  lime 
mortar,  that  from  No.  48  would  Ije  one-third  a  magnesian  mortar. 

One  houudred  pounds  of  pure  carbonate  of  lime  will  yield  fifty- 
tdx  pounds  of  lime,  after  burning,  alt  of  which  would  be  av^lalue 
for  mortar. 

Practicul  results  would  vary  somewhat  from  the  above  as  more 
or  les3  skill  was  exercised  in  burning  the  limestone. 

No.  Si.    Lime  Concretions  found  in  the  Brick  Clay  at  Minneapolis, 

Matter  insoluble  in  hydrochloric  acid,  chiefly  Fe  >  0  j .  4,62  per  cent. 
Calcium  Carbonate 94.S3        " 


There  was  also  a  trace  of  magnesium  carbonate  and  organic 
matter. 

Feb.  25,  1S78. 
Report  on  Serial  Xoa.  49,  50  aiid  51,  Well  Writers  from  Brainerd. 
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REMARKS. 

Sulphuric  »nd 

C.H.  Alwp..- 

M 

Jl.SSi 

M.isa 
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i.m 

J4.KB 

a.rja 
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13.260 
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9.39) 

'■«" 

telaml  House 

61 

ST.Ml 

30.837 

•- 

D.m 

4.3J8 

U.Wl 

za. 

13. 

" 

These  waters  are  very  unlike.  No.  49  ia  a  hard  well  water'  very 
bad  indeed  from  free  and  albuminoid  ammonia.  The  latter  might 
be  derived  from  decomposing  vegetation,  but  the  free  ammonia  in 
such  large  quantitiea  gives  unmistakable  proof,  in  the  absence  of 
other  causes  for  its  presence,  of  sewaee  contamination.  No.  49  also 
contains  a  very  large  proportion  of  chlorine  which  is  also  proof  of 
contamination.  No.  50  is  a  pure  well  water,  somewhat  hard,  but 
very  free  from  wnmonia  in  any  form.  The  amount  of  chlorine  is 
also  small.  No.  51  is  harder  tnaa  No.  49.  It  contains  leas  ammonia 
than  49  but  still  sufficient  to  indicate  contamination,  especially 
when  considered  with  the  targe  amount  of  chlorine  that  it  contains. 
All  three  of  these  waters  contain  only  a  trace  of  sulphuric  acid  SO3 
and  a  very  little  carbonic  acid  (CO,).  In  waters  containing  so  much 
chlorine  it  is  useless  to  att«mpt  to  estimate  calcium  andma^esium 
with  soap  ;  the  method  of  Parke's  does  not  answer,  excepting  for 
those  waters  containing  carbonates  as  I  have  stated  in  a  former  re- 
port 
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Nothiug  in  the  appearance  of  these  specimeua  would  indicate 
that  there  was  any  diJference  between  them  or  that  they  were  un- 
like ordinary  well  or  spring  water. 

Respectfully  submitted, 

S.  F.  PECKHAM. 
MonrEAPOLis,  Minn.,  Dec.  11th,  1S77. 

P.  S. — Dec.  39th,  In  49  and  61  the  chlorine  appears  greater  in 
amount  than  the  total  solid  matter.  This  chlorine  is  correct  and 
doubtless  exists  in  some  volatile  form.  There  was  not  waterenough 
for  me  to  ascertain  to  what  cause  the  discrepancy  is  due,  but  the 
reason  assigned  above  is  I  think  adequate. 

S.  F.  P. 
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ENTOMOLOGY. 


REPORT  OF  ALLEN  WHITUAIT. 


Prof.  X.  H.  Wvwhell,  State  Geologist: 

SiE : — I  have  the  honor  to  coEtribiite  to  The  Geological  and 
Natural  History'  Survey  of  Minnesota  the  foUowirig  entomological 
notesforthe  year  1877.  Thej' refer  mostly  to  tliu  locust,  with  thedis- 
appearance  of  which  we  are  left  once  more  to  coiiteu'l  only  with  some 
of  the  common  pests  of  the  giirden,  and  of  fruit,  shade  and  forest  trees. 
In  this  respect  we  are  fortunate  that  we  still  lie  outside  of  the  ranze  of 
some  of  the  most  pestilential  enemies  of  the  grain  and  com  fields  ; 
and  although  a  persistent  cultivation  of  any  growth  will  probably 
bring  in  tim'^  all  the  insect  enemies  of  that  growth  which  are  capa- 
ble of  existence  and  reproduction  here,  we  are  subject  for  the  present 
only  to  the  attacks  of  enemies  not  numerous  in  species  nor  excessive 
in  number  when  compared  with  those  of  longer  cultivated  and  more 
thickly  settled  Stat«s,  The.^e  however  are  troublesome  enough  and 
are  attracting  more  and  more  the  attention  of  our  horticultural  and 
agricultural  societies,  as  they  have  already  attracted  that  of  the  few 
gentlemen  in  the  State  who  have  been  able  to  devote  to  the  study 
of  Entomology  a  portion  of  the  time  largely  due  to  other  pursuits. 

It  ia  hardly  the  work  of  the  Geological  and  Natural  History  Sur- 
vey to  furnish  instruction  in  elementary  or  economic  entomology; 
Circumstances  have  made  it  seem  necessary  or  desirable  to  col- 
lect all  possible  information  on  the  subject  of  the  locust,  par- 
ticularly th.it  species  which  has  become  so  well  known  in 
this  State  of  late  years,  in  regard  to  which  much  is  still  to  be 
learned,  and  which  is  still  a  kind  of  fabulous  bugbear  to  those 
States  which  are  free  from  it.  For  the  purpose  of  completing  what 
has  already  been  written  in  previous  reports,  the  subject  is  here 
continued.  But  that  there  are  other  insects  in  regard  to  whose 
habits,  together  with  the  best  means  of  protection  from  them,  our 
fflrni?rs  and  gardi'Jiers  could   lie  prnlitabiy  instructed,  is  shown  bv 
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the  attention  which  has  been  paid  to  the  subject  during  tlie  past 
year  at  the  meetings  of  ouv  horticulturul  and  agricultural  societies, 
and  by  the  (unsuccessful)  attempt  made  in  the  last  legislature  to 
obtain  a  meagre  appropriation  for  the  purpose  of  issuing  a.  pamphlet 
to  meet  the  supposed  need  of  it.  It  is  too  often  the  case  that  the 
inability  to  provide  against  injuries  results  from  a  lack  of  that 
knowledge  of  the  growth  and  transformation  of  insects  that  ought 
to  be  iu  the  possession  of  even  the  childron  in  our  common  schools; 
while  many  pests  which  are  practically  known  to  eveiy  gardener 
while  in  their  destnictive  stiige,  are  wholly  unkno^vn  to  him  in 
those  stages  when  they  are  preparing  to  commit  future  injury. 
The  State  Entomologists  of  Missouri  and  Illinois  (and  pernaps 
other  States,)  have  considered  it  worth  thcii-  wliile  to  preface  their 
earlier  reports  with  brief  manuals  of  elementary  entomology.  A 
small  pamphlet  of  this  kind  with  brief  notices  of  the  form,  ^owth 
and  habits  of  some  of  onr  most  common  species  of  injurious  insects 
might  be  issued  by  the  Agricultural  Department  of  the  State  Uni- 
versity (as  has  liecn  done  at  the  Agricultural  College  of  Michigan,) 
and  would  render  great  service.  In  addition  ti>  this  every  one  who 
is  interestetl  in  the  matter  may  contribute  Uy  sending  to  the  Museum 
of  Natural  History  at  the  State  University,  ^itecimens  of  every 
kind  of  destructive  insect,  in  all  forms  or  stages  of  it  that  are  capa- 
ble of  preservation.  A  collection  formed  in  this  way  would  in  time 
become  of  great  practical  value,  and  at  the  meetings  ot  the  horti- 
cultural and  agricultural  societies  at  Minneapolis,  would  become 
available  to  a  large  number  of  pei-sons. 

Not  to  go  outside  of  our  cities,  a  large  i)ereentage  of  the  yearly 
injury  or  ruin  to  our  shade  trees,  is  occasioned  or  increjisi  d  by  in- 
sects, while  oltentimes  the  ownei-s  entertain  no  suspicion  of  the 
cause  of  the  evil.  We  set  out  maples  again  and  again,  to  be  seriously 
damaged  by  the  havoc  of  Iwring-beetles  or  of  the  Maple  Aegerian, 
while  the  box-eldei-s  are  defoliated  and  rendered  unsightly  by  the 
caterpiller  of  an  iiisi^ificant  yellow  moth. 

Outside  of  the  cities,  in  addition  to  the  damage  inflicted  by  the 
locust,  the  Colorado  Potato  Beet's  has  d(nie  perhaps  more  injury 
thiui  in  any  year  since  1870,  w  hile  certain  blister-beetles  and  the 
potato-stalk  weevil  have  been  rai  re  noticeable  than  before.  While 
this  is  in  writing  the  report  of  the  Hon.  T.  M.  Metcalf.  Comniis- 
siooer  of  Statistics,  for  the  year  1877,  states  that  the  Chinch  Bug 
has  committed  iftnsiderahle  injury  in  Houston  county  during  the 
year.  .4s  this  is  an  enem^  to  a  considerable  extent  unknown  to 
our  farmers,  I  add  a  few  brief  notes  in  regaid  'to  it,  mth  the  hope 
that  they  may  be  of  some  value,  if  the  evil  makes  its  appearance 
a^in  this  year. 

Another  insect  which  has  appeai-ed  in  far  greater  numbers  than 
osnal  during  the  year  is  the  Teut  (Caterpillar  of  the  Forest,"  {CI isio- 
campa  tiilvatica.  Harris.)  [Vid,  Hams'  Report  p.  375  and  Riley's 
Thirf  Annual  Report  of  the  State  of  ilissouri.J  These  were  abun- 
dant about  Braiiienl,  as  is  shown  by  the  following  : 
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Brainehd,  Miss.,  July  6th,  1877. 

Deak  Sir  : — I  Bend  you  by  eiprpss  a  few  Bpecinienn  of  the  anuy  worm.  Eait 
of  this  place  they  are  very  abuniJant,  and  the  northern  limit  of  thia  caterpillari* 
unknown.  They  haye  been  observed  one  hundred  and  fifty  miles  north  ol  at  (ty 
the  Mifisisstppi  nrer)  on  that  sti-eam. 

They  eat  Ihe  oak  and  bns^  wood  only.  In  the  ricinity  of  Island  Lake  on 
the  hne  of  the  N.  P.  Railway,  they  have  been  very  plenty,  but  are  decreasing, 
advancing  Bouthward.  Yours  inoEt  truly, 

J.  C.  BoBSEK. 

The  following  extract  probably  refers  to  the  same  insect: 

"The  caterpiUars  have  again  made  their  appearance  in  large  numbers  in  the 
timber  in  the  vicinity  of  Eag-ie  lAke,Mid  are  eating  the  foliage  of  the  trees,  in 
many  inatancee  almost  etripping  them  bore.  Last  year  they  occupied  the  same 
district,  covering  a  district  from  four  to  aii  miles  m  extent.  This  year  tliey  are 
more  numeroua,  and  we  suppose  are  gradually  extending  their  opemtiona." — 
Mank-ato  Beriea-,  June  12th,  Itni. 

The  works  referred  to  above  describe  this  insect  very  fully,  and 
give  the  means  of  preveutiag  its  increase. 

THE  ROCKY  MODirrAIN    L0CC3T. 

The  area  of  the  egg  deposits  for  tlie  year  1S76  will  be  found  on 
the  "Map  of  Locust  Areas,"  in  the  report  of  the  Geological  and 
Natural  History  survey  of  that  year.  The  statements  ui)on  which 
this  was  based  came  from  over  six  hundred  townships  in  about  forty 
counties.  The  reports  as  to  the  density  of  these  dejiosita  variM 
greatly  in  the  different  counties.  It  was  generally  thouglit  that  there 
were  very  few  or  no  eggs  along  the  Dakota  line,  and  in  most  of-the 
territory  where  the  young  had  natched  in  1S76  ;  that  they  were  more 
numerous  along  the  eastern  line  of  the  egg-area,  where  however  but 
comparatively  few  appeared  in  the  Spring;  ajid  more  numerous  still 
in  a  strip  of  country  reaching  southeastward  from  Otter  Tail  to  Blue 
Earth  and  including  those  counties,  and  in  fact  it  was  in  this  strip 
of  territory  out  of  all  the  locust  region  from  Minnesota  to  Texas, 
that  the  greatest  damage  of  the  year  ISV?  occurred.  The  eggs 
were  also  thickly  laid  in  the  southern  i-ange  of  counties  from  Rock 
to  Freeborn  as  well  as  in  nearly  every  county  in  Iowa  lying  south 
of  these,  but  all  this  portion  of  the  locust  region,  Hoth  in  Minnesota 
and  Iowa,  escaped  with  far  less  damage  than  had  Ijeen  exi>ected,  and 
in  nearly  every  case  with  the  best  crops  known  for  years. 

PKOGRESS  DURING  THE   SPKISG, 

The  locust  events  of  the  spring  and  sunimer  were  a  succession  of 
hopes  and  disappointments,  ending  finally  in  a  lai^e  measure  of 
unexpected  success.  The  warm  weather  of  February,  followed  by 
sever©  cold  in  March,  seemed  to  exert  in  most  Ciuses  no  apfireeiable 
effect  upon  the  vitality  of  the  eggs.  It  was  forgotten  th^t  the 
weather  reports  of  March  and  Apnl  for  the  past  four  years  would 
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show  that  the  eggs  are  almost  everj'  year  subjected  to  more  or  less 
freezing  and  thawing.  When  the  hatching  time  came  the  young 
failed,  for  various  causes,  to  apijear  in  large  imnibers,  in  many 
places  where  the  eggs  had  been  laid  at  least  as  thickly"  as  in  previ- 
ous years ;  but  on  the  other  hand  they  came  forth  in  suc}i  over- 
whelmiitg  Qnmbeis  in  other  places,  that  the  unequal  conditions  of 
the  different  parts  of  the  locust  area,  added  to  all  the  uncertainties 
of  what  the  next  few  weeks  would  bring,  rendered  the  loosely  drawn 
and  self-oontradicting  bounty  law*  of  1876  an  obvious  failure,  and 
no  steps  were  ever  taken  to  carry  it  into  effect.  The  prospect  dar- 
ing the  last  ten  days  of  May  was  disheartening.  In  thirteen  coun- 
ties, in  parts  of  some  and  in  nearly  the  whole  of  others,  clean 
sweeping  destruction  of  wheat  and  serious  injurj-  to  many  other 
crops  were  already  in  progress,  while  in  about  twenty  other  coun- 
ties the  young  had  appeared  in  sufficient  numbers  to  cause  great 
apprehension.  From  the  first  of  June  onward  there  was  marked 
improvement ;  where  the  locusts  were  eicessively  numerous  and 
where  the  wheat  had  been  trimmed  to  the  ground  at  that  date,  the 
crops  failed  to  recover  ;  bnt  where  the  growth  still  remained  or  had 
not  been  badly  eaten,  the  comparative  amount  of  injury  grew  less 
from  day  to  day  until  the  crops  for  the  most  part  were  safe  except 
from  migrating  swarms.  Then  followed  a  series  of  migrations  in 
.July  and  August,  which  though  they  add^  a  little  to  the  teiTitory 
already  injured,  were  so  different  from  those  of  other  years  as  to  be 
mainly  harmless.  The  result  of  all  this  was  far  different  frgm  any- 
thing which  could  have  been  expected  in  May,  and  the  returns  of 
the  Commissioner  of  Statistics  for  1878  will  probably  show  that  the 
locusts  destroyed  more  bushels  of  grain  in  1877  than  have  been 

Geitkbai.  Laws  of  Mikkesota  for  i»n ;  Chaptrb  w.— The  &ct  appiopriates 
(UHUPOOlor  thp  il«rtruetlon  olgrassliopperaaiid  tlielrejKS.  The  Wiimy  1«  to  be  ))ald 
SDlT  to  persons  lIvInK  within  ciiunttps  alTtcted  by  gi'iD^iopperS'  T]lt^  hiiiiis  to  \ie  paid 
tit  as  (oliows  :  Oily  cents  per_gBlLoii  (or  egES  :  one  ditllar  per  bushel  for  j,T;i!i«lioijpers 
ranglit  nrcvloai  lu  tlie  2SIh  ol  Mav  ;  flfty  cents  per  bushel  from  the  Ktli  of  May  to  llie 
MilioIJuiif  J  tweniy'flve  centi  per  biistieltmmlbe  loth  o[. Time  to  tlie  1st  of  July,  and 
tweutv  cents  pet  bushel  from  t be  1st  of  July  to  the  1st  of  OiiEolit-r.  Instead  o("caii|;lit" 
It  woDld  be  better  In  use  the  word  "delivered,"  for  obrtous  reiiscms. 

Other  sections  provide  tor  the  delivery  of  captured  BTssslioiipiTsto  men^urersapiiol  iit- 
ed  (by  the  Governor)  for  each  towiiahip,  and  lor  iiayment  of  lioiiuty  iliruueh  cenlfirates 
bRu^by  pounty  audllon,  aadlted  by  boards  of  county  coiiiinisMOnerH.  died  with  the 
Bute  AiMlitor.  »iid  paid  wttli  bis  watrant  upon  the  State  Treaturer.  AlthuuEli  the  pro- 
TtHloni  or  tbc  act  exteifd  to  October  1st,  the  looiiev  appropriated  by  the  act  can  be 
applied  only  to  tbe  payment  or  cenlneates  Bled  with  the  State  Andltur  on  or  belore 
July  iHh.  If  the  amount  ol  these  certillcates  exceed!*  giuuwo  tliey  are  to  be  paid  by 
the  State  pro  rata  to  the  amount  of  SlwijlOD.  and  the  balance  In  full  paid  bv  the  counties 
aciMrdiiiR  to  the  amounts  due  on  eeitincales  Issued  by  each  eininty.  Furthermore ; 
'■no  other  ot  Erealer  ainouut  than  SIOO.IW  shall  ever  be  paid  under  the  provlalons  of  this 

It  Is  entlrelT  an  iiiilalr  proportion  between  the  prloe  to  be  paid  up  to  May  SSth  (one 
doUar  per  bushel,  which  U  noiie  too  much)  and  from  June  luih  to  July  1st,  (zs  cents  per 
bailicl.)  u'beu  the  locusts  arc  hi  tbe  pupa  or  winded  state,  and  may  easily  be  cauiiht  by 
the  barrel,  after  niKlitfall-  One  farmer  estlmafed  the  amount  cauttht  by  himatthli) 
period  at  400  bushed :  aiiotber  at  son  bushels.  Besides  this,  it  was  obvloui  before  May 
ended  that  a  few  of  the  wont  infested  counties  would  eautly  exhaust  nearlv  the  whole 
appraniatlon,  perhaps  withoutsavini;  any  great  amount  <■(  cnpa ;  while  otlters  (which 
fiiully  escaped  ulmont  uabarmed  without  auy  use  ol  the  bounty  law,)  would  huve  ;o  be 
mponstble  for  nearly  the  whole  of  its  bounty  certificates. 

(Ahcr  scctlnn.t  provide  for  one  toy's  lal«r  per  week  ol  alt  male*  betwenn  twenty-one 
and  *lilT,  In  Ibo  several  townslitpSoI  the  afflicted  counties,  for  Ave  weuks  nflt-r  the  ((ra*s- 
koppen  become  lare^  enough  to  be  causht  easily ;  such  labor  to  lie  pcrli.rmed  under 
tie  diteniOD  ot  overseers  ot  hiKhways,  «Tio  are  to  give  notice  of  the  time  and  place 

'tSu  l!  rikwe'tocail  a  ""»"  *"»>■  'r<""  the  detenee  ot  his  o»ii  field  at  the  very  time 
wfi7n  he  iTmost  needed  at  home.  The  same  amount  ol  labor.  a»*e".-d  tKf'r  th.  „itm- 
Iwppert  hnUh.  lii  destroying  eggs,  or  in  ditching  to  prevent  Incuralous,  would  prove  tar 
n»re  eltecdve. 
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destroyed  in  any  other  year,  and  that  the  amount  left  to  harvest 
faily  equalled  any  annual  crop  vet  produced. 

The  causes  of  this  unexpected  result  ar«  for  the  most  part  a  series 
of  favorable  climatic  conditions.  As  in  the  year  1876  the  returns  of 
locust  damage  inflicted  mostly  in  July  and  August,  included  a  consid- 
erable diminution  of  the  wheat  crop  by  drouth  in  June,  so,  oi*  the 
other  hand,  counties  harvesting  a  full  average  crop  in  lS77will  prob- 
ably report  no  damage,  even  where  the  crop  was  really  somewhat 
reduced  by  the  locusts.  For  once,  the  farmer,  taking  the  annual 
chances  of  rain,  hail,  blight,  drouth,  insects  and  other  destructive 
agencies  to  which  he  is  from  time  to  time  subjected,  has  found  the 
influences  of  climate  to  be  so  largely  in  his  favor  a-s  to  offaet  what 
otherwise  promised  to  be  an  unmitigated  evil,  and  if  it  is  not  prob- 
able that  the  state  will  be  often  overrun  by  locitsts  in  any  series  of 
years,  it  is  still  less  Ukely  that  in  any  one  "locust-year"  the  hatch- 
ing will  again  be  reduced  to  a  nullity  through  so  large  a  portion  of 
the  egg-area.  But  that  eventii  of  this  kind  do  actually  repeat 
themselves  -in  the  long  run.  Is  shown  by  the  fact  that  the  locust 
events  of  1857  (so  far  as  they  can  be  recalled)  are  idmost  exactly  re- 
peated in  1S7",  in  the  thick  deposit  of  eggs,  in  the  character  of  the 
spring  weather,  in  the  damage  which  proved  less  than  anyone  had 
expected,  and  in  the  final  departure  of  the  migrating  swai-ms  in  July 
and  August  to  some  unknown  destination  from  which  they  failed  ■ 
to  emerge  in  great  numbers  for  several  years.  Of  course  all  tliat  is 
here  st!ite<l  of  the  successful  results  of  the  harvest  of  1S77  is  said 
with  a,  full  knowledge  of  the  sweeping  destruction  in  some  of  the 
woi-st  ravaged  counties,  but  also  with  a  consideration  of  all  those 
counties  where  the  locusts  failed  to  inflict  injury,  and  where  it  would 
have  surely  followed  in  a  spring  resembling  that  of  1876. 

Other  and  less  considerable  causes  tended  to  reduce  the  expected 
percentage  of  injury.  These  were,  a  certain  but  hardly  calculable 
amount  of  destruction  of  tlie  eggs  by  insect  and  other  enemies,  and 
a  partial  failure  of  the  eggs  to  hatch,  "  from  causes  unknown  ;"  a 
comparatively  trifling  destruction  of  the  young  by  snow  storms  at 
the  end  of  April ;  and,  more  ellicieut  wherever  applied,  the  destruc- 
tion of  the  eggs  by  plowing  and  harrovving  the  egg-beds  during  the 
fall  and  spring,  and  the  destruction  of  the  young  with  ditches,  tar- 
pans,  nets,  and  other  contrivances.  To  this  must  be  added  that  in 
some  cases  where  the  young  were  fully  as  numerous  as  in  other 
yeai-3  they  were  far  more  harmless,  and  also  that  eggs  deposited  in 
Septemlwr  and  October,  1S76,  were  hatched  so  late  that  the  crops 
were  mostly  beyond  the  reach  of  the  young. 


The  cases  of  reported  hatching  in  February  were,  so  far  as  ascer- 
tained, entirely  the  appearance  of  native  species.  All  of  those  sent 
me  were  of  a  size  that  generally  precluded  the  possibiltty  of  their 
having  hatched  in  February.  Three  of  our  common  native  species 
were  received,  of  which  two  became  winged  in  the  first  week  of 
March,  but  neither  of  the  same  species  was  observed  in  the  fields 
until  the  25tli  of  May.     The  young  (perhaps  of  Spretus)  were  seen 
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in  OUT  soathem  counties  by  the  10th  of  April,  and  by  the  20tli  of 
the  month  h&d  appeared  in  considerable  numbers  along  the  river 
blu&  between  St.  Peter  and  New  TJlm.  Part  of  these,  and  perhaps 
all,  were  destroyed  by  a  storm  which  came  about  a  week  later, 
but  they  were  only  a  trifling  portion  of  all  that  were  to  appear. 
Innumerable  newspaper  items,  letters,  and  replies  to  circulars  show 
that  it  was  not  until  the  first  ten  days  of  May  that  the  egga  hatched 
in  greatest  numbers,  with  slight  difference  between  the  dates  of 
appearance  in  the  northern  and  southern  counties. 

LATE  HATCHISO. 

It  was  noticed  everywhere  that  the  hatching'  of  1877  was  more 
prolonged  than  usual.  This  was  in  part  due  to  the  dampness  of 
the  spring,  but  more  to  the  fact  that  eggs  had  continued  to  be  de- 
posited much  later  than  usual  in  the  fall  of  1S76.  A  case  reported 
in  1875,  when  a  single  swarm  alighted  (at  Waterford,  Dakota  Co..) 
on  the  18th  of  October  and  deposited  eggs  which  did  hot  hatch 
until  the  20th  of  the  following  June,  gives  an  opportunity  of  ob- 
sen-ing  how  much  the  late  deposits  ai-e  behind  the  early  ones  in 
the  time  required  for  hatching.  Eggs  left  late  in  the  season  in  this 
way  wintered  over  in  a  fluid  condition,  which  .often  created  an  im- 
pression that  they  were  rotten,  but  I  had  no  diificulty  in  hatching 
aach  with  a  three  weeks'  warm  exposure.  These  liuiiUy  hatched  in 
the  fields,  but  in  most  ca,ses  too  late  to  do  much  injury.  Their  final 
exodns  from  ilie  hatching  grounds  was  also  two  to  three  weeks  later 
than  elsewhere,  and  on  the  8tii  of  July,  when  the  locusts  had  all 
acquired  wings,  and  had  entirely  left  the  neighborhood  of  Glencoe, 
I  found,  a  few  mites  farther  west  in  Renville  county,  the  youno;  in 
about  the  same  stage  of  Rdvaiicement  that  I  had  seen  around  Mankato 
on  the  2ist  of  June,  from  one-tbiiil  to  two-thirds  still  in  the  pupa- 
stage.  But  in  genei-al.  where  injury  was  severe,  it  was  ojily  in 
places  where  the  young  hnd  been  numerous  as  early  as  the  last  week 
of  May.  and  it  is  only  in  an  uxces^sively  dry  year,  with  a  slender 
growth  of  grain,  that  the  crojis  are  likely  to  be  badly  injured  by  the 
young  that  hatch  after  the  iirst  of  June. 

FAILURE   IN   HATCHING. 

Throughoiit  a  large  number  of  counties,  and  perhaps  throughout 
the  wh^e  egg-area,  a  certam  percentage  of  the  eggs  fiiiled 
to  batch.  In  limited  areas  the  failure  was  so  great  as  to  amount 
to  almost  complete  exemption  from  injurj'.  It  is  difficult  to 
calculate  what  pei-centage  of  the  eggs  thus  failed,  hut  there  is 
no  doubt  that  it  was  often  a  large  one.  It  is  the  opinion  of  those , 
in  Nobles  county  who  have  interested  themselves  in  observing 
such  mattei-s,  that  eggs  have  never  been  laid  so  thickly  in  that 
county  as  in  1876,  but  hardly  a  wheat  field  was  destroyed  by  the 
young  in  1877.  While  this  is  in  writing  I  have  received  brief 
reports  Irom  nearly  every  locust  county  m  Iowa.  There  as  in 
Minnesota,  the  hatching  was  in  many  cases  far  less  numerous  than 
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the  extent  of  the  egg-deposit  had  led  people  to  apprehend,  and  in 
others  the  injnr\-  resulting  from  the  great  nuinl>er  which  did  hatch 
TTBs  much  less  tlian  usual.  The  resmt  is  condensed  by  Prof.  C,  E. 
Bessej,  of  Ames,  as  follows  :  "In  the  fall  of  1^76  they  {the  locusts) 
laid  many  eggs  in  Central  lona.  In  the  simng  of  1877  they  liiitched, 
but  for  some  reason,  not  known  to  me,  (nor  .iny  (me  else  hereabouts,) 
thev  did  not  amount  to  much." 

"The  causes  of  failure  in  hatching  are  generally  stated  to  be  "  un- 
known." They  are  no  doubt  the  unusual  temperature  and  rain- 
fall of  the  spring  and  the  action  of  the  Silky  Mite  and  various 
grubs.  It  is  precisely  in  those  counties  of  Minnesota  and  Iowa 
where  the  locust  evil  has  been  most  permanent  for  the  last  five  years 
that  the  eggs  have  Ijeen  apparently  destroyed,  while  the  territory  of 
densest  hatching  and  most  sweepmg  destruction  in  Minnesota  lies 
almost  entirely  outside  of  what  has  been  the  region  of  greatest  and 
most  continuous  damage  for  the  last  five  years.  An  the  persistent 
cultivation  of  any  growth  is  followed  by  a  corresponding  increase  of 
its  inseet^nemies.  so  the  increase  of  these  insects  is  followeii  by 
multiplication  of  the  parasites  and  enemies  which  prey  upon  them. 
The  destroyers  of  the  locust  eggs,  not  endowed  with  the  same  effi- 
cient powers  of  locomotion  as  the  locust  itself,  are  confined  to  a 
smaller  range  and  continue  to  multiply  within  it,  and  where  the 
locust  dejxwits  eggs  for  a  series  of  years  within  the  same  range,  its 
enemies  will  in  time  multiply,  rarely  perhaps  in  sufficient  numbers 
to  overpower  the  locust,  but  sufficiently,  when  aided  by  other  favor- 
able conditions,  to  produce  a  marked  diminution  ot  the  species ; 
while  to  preserve  the  balance  stil!  further  the  locust  carries  its  own 
enemies  with  itself  to  other  layiug-grounds  not  only  in  the  germ  of 
the  slowly  moving  locust  mite  hut  of  the  swift  Tachina  Fly. 

AREA  OF  GKEATEST  ISJURT, 

The  greatest  injury  inflicted  by  the  young  during  the  spring,  and 
in  fact  the  area  of  all  injury  in  the  State  worth  reporting,  was  con- 
fined to  a  strip  of  country  extending  southeastward  fi'oui  about  the 
centre  of  Otter  Tail  county  to  Lake  Crystal,  and  Ij'ing  along  the 
edge  of  the  timbered  regions.  On  the  east  it  was  partly  lx>unded 
by  the  timber,  estendinc  some  little  distance  eastward  into  it  in  its 
northern  part,  (into  Todd  and  Steai-ns  counties),  the  hatching 
growing  less  as  it  progressed  eastward,  and  finally  failing  almost 
entirely,  except  in  open  spots  along  the  Mississippi.  On  the  west 
the  Ijoundaiy  was  irregular.  It  waslbnited  mostly  oy  the  line  of  what 
had  been  the  most  frequent  cultivation  in  1876,  confined  to  river 
valleys  and  the  points  of  thickest  settlement,  while  as  the  fiirms  be- 
came more  scattered,  {to  the  westward)  the  hatching  thinned  out, 
and  finally  ended  almost  entirely  where  stretches  of  ujibroken 
prairie  began.  In  general  the  swarms  seemed  to  have  progressed 
eastward  (in  Minnesota)  in  1876  without  halting  to  lay  except  in 
the  vicinity  of  cultivation,  and  to  have  been  checked  in  their  pro- 

f-ess  by  the  timber  and  to  have  massed  their  forces  along  its  edge, 
t  any  rate  this  region  was  a  laying  ground  through  the  whole  of 
the  preceding  season  from  the  middle  of  July,  through  August  and 
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soznetimes  into  September.  It  is  difficult  to  c«nve3',  to  one  who 
hsa  not  seen  .siicli  sights,  an  idea  of  the  immense  iiumliLTs  of  the 
young  that  appear^  in  some  parts  of  this  infested  region  in  the 
last  week  of  May,  The  wheat  fields  covered  with  the  young.  auA 
sometime  trimmed  bare  of  every  green  blade,  the  low  bushes  oy  the 
roadside  stripped  of  their  leaves,  the  young  locusts  dflneing  into  the 
air,  and  flickering  like  heat  in  the  sunlight  Iiefore  the  hoi-ses'  feet 
in  a  ride  of  miles  across  the  prairies,  the  road-beds  blackened  with 
the  young  ba.'iking  on  the  warm  sand,  all  these,  which  had  then  hard- 
ly Itegun  their  devastating  marches,  prophesied  the  injury  which  was 
destined  to  ensue.  Thiise  were  extreme  cases,  but  elsewhere,  where 
the  numbers  were  les^i,  the  bands  which  came  marching  over  the 
fields,  one  after  another,  finally  sufficed  to  make  way  with  nearly 
every  crop  within  their  reach,  Liiter  on,  the  wheat  whicn 
had  been  left  by  the  young  in  May  was  trimmed  of  }ts 
green  leaves,  and  the  stalks  were  left  like  sfiiidles,  blacken- 
ing in  the  sun,  while  the  locusts  having  destroyed  about 
every  crop  {except  oats)  which  happened  to  lie  in  tbeir  path, 
trimmed  out  the  tender  portions  of  the  prairie  grass  and  made  it 
almost  UDaerviceuble  for  grazing.  The  oats,  the  foliage  of-  which 
was  hanlly  touched,  were  attacked  while  heading  out,  and  the  slen- 
der stems  of  the  berry  cut  off,  but  generally  something  ot  an  oat 
crop  was  harvested  when  there  was  hardly  anything  else  left  to 
gather. 

A  general,  but  hardly  an  organized  warfare  was  waged  against 
the  young  almost  from  the  outset,  everj-  man  defending  his  own 
fields  aa  Iwat  he  could.  In  the  nineteen  counties  which  the  Hon. 
Commissioner  of  Statistics  reports  as  more  or  less  injured,  the  acre- 
age of  wheat  was  less  by  113,700  acres  than  in  the  preceding  year, 
but  was  still  considerable,  amounting  to  337,000  acres.  Of  tliese 
connties  eight  showed  an  increiise  of  wheat-acreage  over  1876, 
while,  of  the  remaining  eleven,  four  counties  sowed  from  three  to 
six-sevenths  less  than  in  the  preceding  j-ear.  There  were  instances 
of  men  who,  warned  by  former  expeneuce,  sowed  nothing  what- 
ever, as  well  as  of  men  who  sowed  as  largely  as  tbinigh  no  enemy 
were  at  hand  ;  but  far  the  larger  majority  were  the  cases  of  those 
whose  only  hope  of  a  decent  subsistence  depended  on  such  a  crop 
as  they  might  bring  through  to  harvest.  The  energy  with  which 
most  of  these  began  the  battle  as  soon  as  the  young  made  their 
appearance,  was  worthy  of  all  success.  The  usual  methods 
of  burning  the  young  were  resorted  to  at  once,  and  in 
some  cases  ditches  were  run  about  the  fields.  Towards  the 
end  of  May  the  coal-tar  pan,  which  had  been  used  in  vari- 
oas  forma  in  Kansas.  Colorado,  and  elsewhere,  came  at  last 
(after  having  been   fully  described  during  the  preceding  year,*) 

■Tliere  u-u  no  romton  vrliy  the  om  of  coal  tar,  kerosene,  Ac,  In  nans  or  otiierniae 
■bould  b&ve  seenietl  a  novel  i>r  providential  liiventlou  to  the  oeome  01  Mliiiie»ola.  Tlie 
use  ol  tar  .ipreod  iitinn  balUllilg  pautr  n-ns  full;  desorlbeil  In  the  lieport  of  thi'  licolc^- 
1e>l  nnd  >'atural  Imcnrv  Kurvey  ol  Mlnuewta  tor  lOTS :  a  tall  description  01  tlie  kero- 
sene pan  was  sent  broaifoast  Iji  one  of  the  "patent  Insldea"  of  our  country  pajjers  for 
the  •Mine  Tear ;  » letter  Irom  <lree1ey.Col<iradi>,dntcd  Auiiist  Gtli,  1076,  to  the  Furiiiera 
(Dion  ot  MlDneanolis.descrli>e>i  tlie  me  of  coal-tar  spTpaa  upon  cnnvns,  to  be  dragged 
overthe grain  ;  While  In  the  proceedlnin  oI  the  GrRsilioppiir  Coiivi'ntlon  al  lliiialia, 
({uwsi)thc  name  liistrument  was  descrlheil  again.  In  siiui!  uf  nil  iIiIm  the  ime  oIcoaI- 
tar  Memeil  ubmlutelv  unltniin'n  to  tlieiieople  of  Ulnnesoi^i  until  It  wait  make  known  to 
them  bj  the  letters  oI  Ibe  Hun.  A.  B.  Bobbins,  o(  Wllinar,  lo  the  Ht.  I'liul  Pioneer  Press 
In  Sajr,  i«n. 
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to  the  attention  of  the  people  of  Minnesota,  and  was  seized  eagerly 
as  an  instrument  tliat  promised  to  be  etfective.  For  the  next  three 
Qr  four  weeks,  wherever  tar  and  sheet-iron  could  be  obtained,  men, 
women  and  children  dragged  the  tarpan  industriously  over  the 
grain  fields,  until  the  instrument  became  either  useless  or  unneces- 
sary. By  the  middle  of  June  the  locusts  had  grown  so  large  that 
other  means  of  catuhin^  had  to  lie  devised,  vrhile  in  the  majority  of 
cases  the  crops  were  either  so  badly  injured  as  to  be  not  worth 
fighting  for,  or  were  so  far  beyond  the  reach  of  the  locusts  that  re- 
mained that  fiuiher  fighting  was  unnecessary.  It  is  difficult  to 
estimate  the  exact  amount  of  success  to  be  attributed  to  the  ditterent 
methods  of  destruction  a,s  they  were  applied,  or  indeed  to  any 
method  tlmt  has  been  applied  so  far.  In  a  warfare  of  this  kind  the 
farmer  must  take  his  clmuces,  and  what  proves  successful  in  one 

flace,  or  in  one  year,  may  be  totally  futile  at  another  time  or  place, 
u  spite  of  all  that  has  been  said  and  written  for  the  last  three  j'ears 
it  is  necessary  to  say  here  once  more  what  most  of  our  farmers  are 
at  last  c^)nvineed  of,  that  in  strong  emergencies  there  is  no  depen- 
dence ti'  be  placed  upon  anything  but  a  well  dug  and  carefully 
tende<I  ditch  ab'>ut  the  fields.  If  properly  construeti'd  it  will  prove, 
in  nine  cases  out  often,  an  absolute  barrier  until  the  locusts  acquire 
wings,  when  the  element  of  chance  comes  iu  again.  Dr.  J,  C. 
Currier,  ofManiiato,  managed  with  a  ditch  tosave  entirely  unharmed 
the  crop  of  160  ai.rcs,  in  the  midst  of  locusts  hatching  out  in  unusual 
numbers,  and  tb.e  method,  the  cost,  and  the  itJ-ult  of  the  experiment 
will  Ix'  found  in  full  in  the  report  of  the  Nntioual  Entomological 
Commission ;  i;|K)n  the  Barden  farm  near  \A"iudora  it  is  reported 
that  a  heavy  cifp  was  saved  by  adiligent  use  ol'tai'-pans;  Mr.  Robert 
Lowe,  of  Lynn  township,  McLeod  county,  in  a  neighborhood  where 
the  locusts  hiuched  in  great  nunilwrs,  managed  to  sa^  part  of  a 
crop  by  using  the  tar-pan  early  in  the  seiison,  and  later  on  itn  ojien- 
mouthed  trough,  dragged  over  the  grain  after  nightfall.  Under  the 
date  of  Xov.  21st,  1877,  he  writes : 

'■  The  field  of  wheat  oppofife  my  house  yielded  me  20  bushels  to  the  acre, — 
the  part  of  it  which  I  saved,  wliich  was  ahout  10  acies.  The  two  neighbors  of 
mine  north  of  me  did  not  fight  the  hop)iers  at  all,  and  that  gart  of  (lie  field  nest 
to  them  waa  eaten  close.  1  kt-pt  working  at  them  every  night,  bul  they  t,n>t  a 
pait  of  it  before  tliey  left. 

On  a  three-acie  i.A<\  south  of  my  housej  the  hoppers  ate  alwiit  one  acre  of  it; 
they  came  from  another  neighbor  that  did  not  tight  them.  The  two  acres  left 
yielded  nie  2-1  bHtiln^ls  to  the  acre. 

The  two  neighlors  north  of  me,  above  referred  to,  had  about  'J.J  acres  of  wheat 
each;  oni.'  of  tliem  harvested  4bnshela  to  the  acre,  the  other  3?(i> bushels. 

1  had  20  acres  of  new  land  and  5  acreu  of  old  land  in  wheat  in  another  place. 
Kone  of  the  neighbors  around  tbnght  them  and  I  did  not  gst  a  kernel  off  that. 
The  liopi-ers  wi^re  more  than  I  could  handle  there  and  on  that  I  rfiW  save,  so  I 
confined  my  operations  to  that  1  saved.-  One  neigioor  near  me  whorfi'rf  fight  the 
hoppei'M,  saved  65  bushels  from  about  7  acres.'' 

On  the  other  hand  there  were  fields  that  were  swept  clean  of 
grain  at  the  very  outset.  The  only  thing  that  could  have  saved 
such  would  have  been  a  ditch  constructed  before  the  locusts  began 
their  march.  To  say  that  such  a  ditch  would  have  proved  insur- 
mountable in  eveiy  case  would  be  to  assume  too  much,  but  there  ia 
no  ([uestion  that  it  would  have  succeeded  in  a  large  number  of  cases 
where  every  other  defence  failetl. 
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All  this  refers  to  protection  against  insects  hatched  outside  of  tne 
grun  fields.  There  are  also  large  extents  of  wheat  sown  upon 
newlj;  broken  prairie  {"  new-breaking,")  where  the  eggs  had  been 
deposited  in  great  abundance  in  1876,  Wherever  tlie  deposits  had 
been  left  undisturbed,  the  growing  wheat  was  destroyed  at  the  outset. 
Even  where  the  surface  had  been  harrowed  or  broken  with  the 
seeder  in  the  iall  of  1876,  the  eges  left  undestroyed  were  still 
nmnerous  enough  to  consume  the  wneat  bs  faat  w  it  grew.  U.nly 
plowing  the  eggsunderdeeply,  or  vigorous  harrowing  of  the  surface 
in  the  tall  or  spring,  with  the  use  of  a  tar-pan  pan  to  catch  such  as 
hatched  upon  the  held,  together  with  a  ditch  to  prevent  incursions 
from  without,  might  nave  sufficed  to  save  such  fields  as  these. 

mjtlBT  TO  THE  CROPS. 

Nineteen  counties  are  stated  by  the  Honorable  Commissioner  of 
Statistics  to  have  been  more  or  less  injured  in  1877.  These  are  as 
follows  :  Kandiyohi,  Chippewa,  Wright,  Steams,  Nicollet,  Pope, 
Douglas,  Swift,  Otter  T^.  Stevens,  Grant,  Todd,  Renville,  Sibley. 
McLeod,  Meeker,  Yellow  Medicine,  Brown,  Redwood.  He  adds  : 
"  The  most  careful  estimates  of  the  bushels  harvested  by  the  coun- 
ties gives  the  following  results  : 

Kandiyohi  and  Chippewa,  total  loss ;  Wright  county,  slightly 
injured  ;  eight  counties  are  believed  to  have  saved  half  a  crop  ;  one, 
a  third ;  one,  a  tenth  ;  two,  two-thirds  ;  three,  thi-ee-quarters  ;  and 
one,  four-fifths. 

Thb  was  the  Commissioner's  estimate  in  October,  and  it  is  not 

£robable  that  eiact  statistics  will  a<ld  anything  to  the  estimated 
ws.  Of  the  above  iiounties  three  w^re  probably  more  injured  by 
the  flying  swarms  than  bv  the  young.  Id  addition  to  the  counties 
named  above,  thirteen  others  were  by  the  end  of  May  in  a  state  of 
more  or  less  apprehension,  and  tar-pans  were  put  to  vigorous  use. 
A  hot,  dry  June  like  that  of  1876  would  have  resulted  not  only  in 
greater  damage  in  the  injured  eo\jnties  but  would  have  added  many 
other  counties  to  the  injured  area. 

The  comparative  temperature  and  rainfall  for  the  last  four  years 
may  be  semi  from  the  following  table,  derived  from  the  reports  of 
the  Signal  Service  at  St,  Paul. 


Aveia^  Temperature 

Total  Bain  Fall  in 
inches. 

Number  of  daja  when 
rain  fell. 

May. 

June. 

May. 

June. 

May. 

June. 

1S74 

62.24 

6S.7 

1.6.5 

11.67 

7 

16 

167-5 

.58.81 

&3.6 

3.06 

4.33 

12 

17 

2876 

59.2 

66,3 

3.15 

2.02 

12 

14 

1877 

62 

63.7 

5.43 

7.13 

12 

13 
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The  total  raiii-fall  in  May  was  ennsiderably  greater  than  in  any  of 
the  three, preceding  years,  while  that  of  Jane  was  greater  than  for 
any  year  since  1874.  The  average  temperatures  for  May  and  June 
do  not  differ  greatly  from  other  years,  but  a  detailed  table  would 
show  the  result  of  weather  much  better  than  a  table  of  averages. 
It  would  show  a.  well  distributed  rain-fall,  Eiccompanied  by  cold 
days,  with  northeast  winds.  This  was  the  character  of  nearly  all 
the  former  half  of  June.  The  result  of  this  in  May  was  a  more 
than  usually  prolonged  hatching,  as  the  rain  coming  just  when  the 
egg-pods  were  bursting  arrested  the  hatching  for  a  time,  and  no 
doubt  prevented  it  altogether  in  soils  that  retained  moisture.  Eggs 
thus  arrested  were  fousd  in  the  latter  part  of  May  in  a  decayed  con- 
dition, and  a  prey  to  the  Anthomyia  maggot.  The  last  two  weeks 
of  May  however  were  warm  and  diy,  and  this  gave  the  young  in- 
sects a  full  opportunity  ior  destroying  the  gram  where  they  were 
numerous.  But  the  change  of  temperature  early  in  June  again  ar- 
rested their  progress  wherever  the  grain  had  not  already  been  badly 
cut  off.  The  large  number  of  damp,  cold,  and  cloudy  days  deterred 
the  locusts  from  eating,  and  gave  the  grain  an  opportunity  to  i*e- 
cover  itself,  while  the  temperature  was  exactly  such  as  to  produce 
the  strongest  and  rankest  growth  of  wheat  foliage.  As  this  sprang 
up  apace  and  covered  the  ground,  the  locusts,  loving  warmth  and 
sunlight  could  not  spread  through  and  over  the  fields  as  in  a  3'ear 
of  slender  and  sparse  growth,  while  the  abundance  to  be  eaten  nec- 
essarily left  more  which  escaped  untouched.  In  many  cases  the 
wheat  in  this  way  attained  a  growth  which  afterwards  remained  be- 
yond the  reach  of  the  locust.  In  others  the  iasecte  were  abundant 
enough  to  trim  off  the  foliage,  and  in  the  first  week  of  July  thous- 
ands of  acres  of  wheat  stood  in  the  fields  like  bare  spindles,  the 
head  still  enclosed  in  |he  terminal  leaves.  Possibly  a  continuance 
of  favorable  weather  through  July  would  have  produced  something 
from  even  such  fields  as  this,  but,  in  the  hot,  dry  weather  which 
followed,  the  heads  never  filled. 

Butitis  to  favorable  temperature  more  than  all  else  that  we  are  to 
assign  not  only  the  abundant  harvest  in  the  uninjured  counties  but 
such  crops  as  were  saved  in  the  remainder.  Those  who  believe  that 
the  efficacy  of  our  prayers  may  be  tested  by  the  material  results 
which  follow  them,  can  safely  find  a  beneficent  answer  to  the  fiist- 
ing  and  supplication  of  April,  not  in  a  brief  snow  storm  that  per- 
haps destroyed  an  insignificant  number  of  locusts  which  would  in 
all  probability  have  proved  harmless,  hut  in  a  whole  season  of  fav- 
oring winds  and  nourishing  rains. 

The  effects  of  climate  were  seen  too  upon  the  yoimg  insects  as 
well  as  upon  the  grain.  It  is  to  this  doubtless  that  we  are  to  assign 
the  cause  of  the  often  reported  disappearance  of  the  young  in  tne 
spring  without  committing  injury,  and  of  the  harmlessness,  "from 
causes  unknovm,"  of  such  as  remained  up  to  the  time  of  flying ; 
reports  which  come  from  Iowa  oftener  than  from  Minnesota.  It  is 
to  the  same  cause  no  doubt  that  we  are  to  attribute  the  number  of 
locusts  found  dead  in  the  fields  during  the  spring;  numbers  which 
were  very  inconsiderable  when  compared  with  those  which  re- 
mained alive,  but  sufficient  to  show  that  unusual  agencies  were  at 
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work.  To  those  who  from  limited  observation  believe  that  the 
Bpecies  is  proof  ngainst  moisture,  it  may  be  asserted  that  a  spring 
of  a  different  character  from  the  four  preceding  has  been  followed 
by  an  unuaual  series  of  locust  events,  viz.:  comparative  liarmlesneas 
of  the  hatching  brood,  a  partial  degeneration,  and  finally  a  total 
migration  as  if  from  an  unnatural  neighborhood  ;  while  still  otliers 
are  to  be  reminded  that  the  State  is  no  more  a  permtinent  breeding 
ground  of  the  species,  and  no  more  likely  to  be,  than  it  was  some 
years  ago,  , 

MOTEMESTS  OF  THE  WINGED, 

Here  and  there  a  fully  winged  individual  of  Spretus  may  be  found 
in  our  fields  early  in  June.  I  noticed  such  on  the  8th  of  June, 
1876,  and  on  the  14th  day  of  June,  1877,  while  others  were  reported 
as  early  as  the  26th  of  May.  From  the  middle  of  June  the  num- 
ber of  the  winged  increases  i-apidly,  and  these  often  rise  in  the  air 
singly,  and  float  lazily  along  on  the  breeze.  On  the  19th  of  June 
I  observed  such  at  Mankato,  as  thick  in  the  air  as  stars  upon  a  mod- 
erately starry  nighl,  while  upon  the  ground  be}ow  a  still  greater 
numtier  had  developed  wings,  and  on  being  disturbed  would  start 
up  for  a  low  flight  of  a  rod  or  two.  Here  and  there  one  would  rise 
from  the  earth,  and  could  be  seen  rising  very  gradually  in  the  air 
for  a  long  distance,  until  it  finally  became  lost  to  sight.  Neither 
on  the  ground  nor  in  the  air  was  there  any  appearance  of  swarm- 
ing. Tne  numbers  in  the  air  increased  rapidly  from  day  to  day 
until  the  last  week  in  June,  when,  aa  if  ihey  had  begun  to  mass 
their  ftirees,  dense  swarms  could  be  seen  moving  slowly,  high  in  the 
air,  over  the  central  pori.ion  of  the  State.     These,  though  appearing 

to  move  southeast  on  the  26th,  27th,  and  29th  of  Jane,  were  not 
seen  east  of  what  bad  been  the  hatching  area,  From  the  latt«r 
date  until  nearly  the  middle  of  August  the  State,  was  repeatedly 
crossed  and  recrosaed  by  immense  bodies  of  locusts,  alighting  heavilv 
and  destructively  in  the  first  week  of  July,  but  only  appearing  high 
in  the  air,  and  purely  as  migrating  swarms  later  on.  These  move- 
ments consisted  generally  of  bodies,  (rather  than  of  one  immense 
swarm,)  seen  here  and  there  over  a  large  area,  all  pursuing  one  gen- 
eral direction,  and  following  each  other  for  a  few  days  until  the 
supply  seemed  exhausted,  when,  after  a  change  of  wind,  what  were 
apparently  parts  of  the  same  army,  returned  over  their  former  track 
only  to  be  carried  back  again  with  others  when  the  wind  changed 
back  again.  As  the  season  advanced,  the  swarms  making  up  these 
armies  became  more  scattered,  and  followed  each  other  at  wider 
intervals,  or  were  soon  separated  at  long  distances  from  each  other. 

M10EA,TI0N8. 

These  movements  may  be  briefly  summed  up  as  follows : 

July  3d-7th — A  movement  to  the  northwest  by  daily  joarneys, 

with  heavy  alighting  each  evening  from  Willmar  westward  to  me 

Sisseton  Reservation  and  beyond. 
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July  8th-10th — A  change  of  wind,  with  a  return  at  once  to  the 
Boutbeast.  This  movement  was  ol>sen'ed  at  sixty  points  between 
Bramble  county.  D.  T.,  and  Freeborn  county  on  the  south,  and  l)e- 
tween  Otter  Tail  and  Sherburne  counties  on  the  north. 

Ji^y  11th  and  12th — A  change  of  wind  and  return  of  the  swarms 
to  the  northwest,  observed  at  various  places  between  Detroit  and 
Sioux  City  on  the  west  and  between  Sioux  City  and  Fort  Randall, 
D.  T. 

July  20th  and  Slst — An  immense  movement  to  the  southeast 
again,  observed  at  78  points  in  Minnesota  and  Dakota.  Swarms 
were  seen  on  the  western  line  of  observation,  at  various  points  be- 
tween Wolhalla  and  Rockport,  D.  T.,  375  miles  from  north  to 
south,  and  between  Rockport  and  Albert  Lea,  on  the  southern  line, 
225  miles  from  east  to  west. 

July  28 — Another  movement  to  the  southeast,  seen  over  various 
northern  and  southern  counties,  but  not  reported  over  a  large 
number  of  intermediate  points. 

August  Ist  and  2d — AJiother  extensive  movement  to  the  south- 
east. This  was  seen  at  various  points  between  Glyndon  and  Lu- 
veme  on  the  west,  and  at  St.  Cloud,  Anoka,  Northiield  and  LeRoy 
on  the  east. 

Aug.  6th-9th — Heavy  flights,  (but  decreasing  in  numbers  daily) 
to  the  southeast  again  :  seen  mostly  on  a  line  between  Benson  and 
Mankato  and  Worthington. 

Sept.  2d — "Large  numbers"  flyiug  southeast  over  Waseca. 

Sept.  ISth — "Millions  seen  flying  in  a  southeasterly  direction"  at 
Long  Prairie. 

There  is  reason  to  believe  that,  as  has  Ireen  known  elsewhere, 
many  of  these  swarms  continued  their  fliglits  tlirougb  the  night. 
They  were  observed  on  several  occasions  flvmg  till  nearly  sundown, 
while  it  was  impossible  to  leai'n  of  their  alighting  auywhere  at  or 
during  the  night ;  they  were  seen  moving  earlv  in  the  morning  as 
soon  as  the  sun  was  high  enough  to  make  their  numbers  visible, 
while  there  was  no  known  starting  place  from  which  such  swarms 
could  have  proceded  so  early  in  the  moruing  ;  and  in  one  known 
case,  (iind  probabl3'  in  many  others,)  they  abandoned  in  the  night  a 
spot  where  they  had  been  abundant  during  the  daj\ 

It  will  be  noticed  that  after  the  20th  of  July  all  extensive  move- 
ments were  to  the  southward.  On  the  dates  intermediate  Ijetweeu 
those  given,  there  was  a  change  of  wind  to  southward,  aud  this  car- 
ried back  sometimes  eohsiderahle,  hut  always  scattered  bodies  to  the 
northwest,  while  as  the  season  advanced  the  number  thus  carried 
back  became  fewer.  Those  which  were  carried  to  the  northwest 
probably  helped  to  make  up  the  bodies  which  moved  southeast 
again  as  soon  as  the  wind  changed  to  northerly,  and  what  may  have 
been  something  like  a  compact  array  early  in  July  were  sj)re!id  over 
a  large  territory  later  on.  The  change  of  wind  between  the  7th 
and  8th,  and  again  between  the  10th  and  11th  of  July  were  followed 
at  once  by  the  return  of  swarms  over  the  track  where  they  had 
passed  the  day  liefore  ;  on  the  other  hand  it  required  a  change  of 
wind  from  the  12th  to  the  20th  and  again  from  the  20th  to  the  2Sth 
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of  July  to  collect  and  bring  back  the  swarms  whicli  passed  over  on 
the  latter  dates.  .  During  the  later  mOTements  too,  straggling  baads 
Tfere  seen  at  a  considerable  distance  to  tlie  east  of  the  main  bodiea, 
as  at  St.  Paul  on  the  20th  of  July,  on  the  Ist  and  2d  of  August  at 
Anoka,  St.  Paul,  Xorthfield  and  Leroy,  on  the  6th  of  Augost  at 
Hastings,  Dundas,  and  Brownsdale  ;  and  during  August  and  Sep- 
tember over  El  Paso,  Wisconsin,  and  over  Osage,  Grundy  Centre, 
Toledo,  and  Montezuma,  aud  perhaps  over  Waverly,  Waterloo, 
Oskaloosa,  and  Vinton,  Iowa,  all  of  which  points  lie  considerably 
to  the  east  of  the  naual  locust  area. 

&1I  the  moTementii  after  the  10th  of  July  were  purely  migrations. 
Here  and  there  individuals  dropped  down  from  the  passing  swarms 
ontil  a  township  or  two  was  pretty  well  covered,  but  as  a  rule  the 
insects  passed  oTerwithont  alighting.  To  determine  the  migratoir 
cspabihties  and  habits  of  the  locust  would  be  interesting  and  useful. 
During  the  summer  I  collected  nearly  a  thousand  reports,  diaries, 
&c.,  to  leam  the  extent  of  the  flights  over  Minnesota.  The  impos< 
sibility  of  obtaining  similar  reports  from  Central -Dakota,  and  the 
abeence  of  such  from  Iowa,  render  it  difficult  to  trace  movements 
bCTond  the  State  line.  The  turning  point  of  flights  between  the 
7tn  and  8th  of  July  was  evidently  in  the  neighborhood  of  the 
Sisseton  Reservation  ;  between  the  10th  and  lltn,  either  in  or  over 
Iowa ;  about  the  22d  of  the  month  the  swarms  collected  in  Dakota 
along  the  route  between  Bismarck  and  the  Black  Hills  and  these 
were  pefhaps  brought  southeast  again  on  the  28th  of  July. 

It  seems  probable  that  most  a  the  swarms  seen  passed  to  the 
southward  of  Minnesota  and  remained  there.  It  is  certain  that  the 
bodies  composing  the  diflerent  migrating  armies  became  widely 
separated  fiY)m  each  other  during  the  season,  and  it  is  highly  prob- 
able that  the  individ^s  composing  these  bodies  were  oistybuted 
over  a  large  extent  ot  territory  and  often  so  sparsely  as  to  remain 
almost  unnoticed.  Dy  .the  first  of  September  the  species  was  found 
at  Sionx  City  and  Fort  Dodge,  Iowa,  iu  small  numbers,  but  more 
numerous  than  the  native  species  ;  still  more  numerous  at  Ackley, 
where  they  were  preparing  to  lay;  again  in  very  small  numbers  at 
two  or  three  stopping  places  along  the  road  between  Ackley  aud 
Lyle.  at  Lyle  and  at  Austin  ;  and  a  few  days  later  at  Lake  Pnalen, 
five  miles  northeast  of  St,  Paul.  It  is  very  likely  that  a  careful  search 
in  1878  by  those  acquainted  with  the  species  will  disclose  the  presence 
of  the  young  in  very  small  numbers  at  various  places  in  Eastern 
Minnesota,  in  Wisconsin  east  of  Hastings,  and  in  Eastern  Iowa. 

The  locust  evil  beiiig  ended  for  the  present,  all  further  considera- 
tion of  the  matter  prwiuces  in  the  mind  of  the  farmer  only  that 
disEust  which  is  excited  by  an  unpleasant  subject.  But  the  time 
'willcome  again  when  the  possibQitj^  or  likebliood  of  locust  in- 
Tasions,  and  whether  they  can  be  anticipated  or  prevented  will  be 
questions  of  immediate  interest.  But  to  a  commnnity  looking 
forwatd  to  years  of  prosperous  wheat-raising,  and  knowing  timt 
fhtnre  success  de]>ends  in  some  measnre  upon  exemption  from  vai-i- 
ons  insect  plagues,  it  should  seem  foolish  to  conclude  the  iiiquirv 
wiib  that  amount  of  knowleilge  which  has  so  far  been  obtniutd. 
The  National  £utomological  Commiasion  should  be  enabled  to 
10 
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pursue  its  iavestigations  beyond  the  field  where  circumstancea  have 
80  far  confined  them,  into  the  region  where  the  nature  of  the  locuat; 
problem  is  still  largely  unkiio^vn.and  where  alone  the  possibilities  and 
probabilities  of  future  destructive  incursions  are  to  be  calculated. 

raeiRIBCTION. 

A  history  of  former  locust  invasions,  and  a  ftiU  chronology  of 
locust  appearances  in  pa.st  years,  whether  seen  in  smalt  or  in  great 
numbers,  in  destructive  onttlaughts  upon  the  grain,  or  in  harmless 
'migrations  to  other  neighborhoods,  become  valuable  to  assist  in  de- 
termining what  are  the  regions  of  perpetual,  frequent,  or  occasional 
presence.  It  has  been  common  to  call  "locust  years*'  only  those 
years  in  which  swarms  have  appeared  in  destructive  numbers,  and 
to  call  "ItHTUst  regions"  and  "grasshopper  counties"  those  only  where 
cultivation  has  been  sufficient  to  invite  injury.  It  haa  often  been 
difficult  to  collect  such  facts  as  there  are,  and  the  desire  to  appear 
well  in  immigration  statistics  induces  men  to  withhold  occurrences 
that  would  seem  to  convert  their  particular  localities  into  "grass- 
hoppr  regions"  for  the  time  being,  but  which  were  aft+'r  all  only 
trifling  appearances  of  a  misfortune  that  was  telt  elsewhere  in  full 
force.  "Locust  regioTis"  are  not  created  by  simple  statements  of 
fact?,  nor  are  the  gardens  of  the  world  depopulated  by  occasional 
locust  invasions. 

But  a  locust  chronology  for  the  past  fifteen  years  contradicts  the 
notion  that  there  is  anything  like  periodicity  in  the  appearance  of 
the  syjecies,  though  there  are  evidently  years  or  periods  (»f  excessive 
multiplication ;  it  also  disposes  of  such  vagaries  as  that  the  stock 
has  been  advancing  eastward  yearly,  occupying  a  certain  belt  of 
countr]j  eiich  year ;  or  that  they  "move  m«j|tTy  in  a  great  circle, 
touching  Missouri  on  the  eiu^t,  and  New  Mexico  on  the  south,  the 
Pacific  ou  the  west,  and  far  into  the  British  Possessions  on  the 
north,"  the  time  required  for  swinging  around  this  circle  "being 
about  ten  years,  though  some  get  behind  bv  being  hatched  out  late  ! 
It  has  been  a  locust  year  somewhere  or  other  nearly  every  year  for 
the  last  fifteen  years,  and  swarms  have  repeatedly  swept  southward 
from  British  America  perhaps  to  Texa",  while  their  offspring  moved 
back  northward  over  the  same  track  in  the  following  spring.  It 
would  seem  that  east  of  what  may  be  the  permanent  breeding 
grounds  of  the  species,  there  is  a  region  where  swarms  appear  nearly 
every  year,  and  that  the  permanence  or  frequency  of  appearance 
diminishes  as  we  move  eastward.  To  say  that  this  region  of  fre- 
quent appearance  is  not  a  "grasshopper  country,"'  is  to  say  for  the 
present  that  it  is  mostly  uncultivated  and  uninhabited,  though 
there  is  no  reason  to  believe  that  if  it  were  under  full  cultivation 
that  it  would  suffer  devastation  every  year. 

This  region  of  frequent  appearance  reaches  eastward  nearly  to 
Minnesotii,  and  the  treqiienc y  results  trom  the  fact  that  the  region 
referred  to  lies  in  the  track  of  swarms  moving  northwestward 
towards  the  mountains  in  the  spring,  southeastward  from  the 
mountains  in  the  summer,  and  at  the  same  time  in  the  vicinity  of 
swarms  occasionally  hatched  upon  the  plains.    At  least  it  is  certain 


byGoO'^lc 


STATE   G£OLOaiST.  147 

that  the  locust  has  been  seea  either  nlong  or  east  of  the  western 
border  of  Minueaota  nearly  every  j-ear  since  1863.  At  Walhallit,  a 
few  miles  west  of  Pembina,  they  are  said  to  have  come  one  year  and 
left  in  the  year  following  ever  since  in  the  year  just  named  ;  in  the 
same  year  (1863,)  they  were  about  Moorhead,  around  the  Coteaudea 
Prairie,  Ft.  Abercrombie,  and  were  seen  flying  as  &r  east  aa  the 
Pomme  de  Terre  River  ;  in  1864  the  young  hatched  Dear  Moorhead, 
and  possibly  in  other  places  in  the  western  part  of  the  State  north 
of  the  Minnesota  river  ;  while  in  July  winged  swarms  &om  the  west 
made  their  wav  in  a  narrow  column  up  the  Mississippi  Valley  to 
lie  Sueur  and  Sanderson ;  in  1865  the  young  of  these  were  trouble- 
some in  the  regions  just  named  ;  io  1866,  a  year  of  serious  invasion 
in  States  to  the  southward,  there  were  but  slight  and  transient  ap- 
pearances ot  swarms  in  Minnesota,  about  Moorhead,  and  in  Hedwood 
and  Kandiyohi  counties  ;  in  1867,  a  year  in  which  Iowa  was  overrun 
almost  as  extensively  as  in  1876,  there  was  no  appearance  in  Minne- 
sota so  far  as  can  be  ascertained ;  in  1868  large  swarms  passed 
northward  over  Jackson  county  for  two  or  three  days,  probably 
those  which  had  hatched  in  Iowa  and  the  States  below;  in  1869  the 
insects  were  seen  about  Moorhead  again  ;  in  1870  about  Moorhead 
and  in  Brooking  Co.,  D,  T.;  in  1871  n  large  number  of  our  north- 
western counties  were  visited,  but  were  injured  only  here  and  there; 
in  1S72  the  offspring  of  these  augmented  by  others  hatched  in 
Dakota  seemed  to  have  passed  southward  in  immense  armies  over 
Sontheastem  Dakota  and  Nebraska  ;  the  events  since  1872  are  too 
well  known  to  need  repeating. 

There  is  nothing  alarming  in  these  statements  ;  it  is  known  well 
enough  in  how  few  of  all  these  yeare  the  insects  have  poured  into 
the  State  in  immense  swarms,  and  how  few  of  all  the  swarms  that 
have  appeared  have  remained  to  prove  destructive.  It  is  only  in  a 
year  ot  excessive  and  repeated  visitation  that  the  small  numoers  re- 
maining behind  from  each  passing  cloud  finally  become  numerous 
enough  in  the  aggregate  to  make  their  presence  destructive  in  the 
year  following.  It  is  only  meant  to  show  that  Eastern  Dakota  lies 
in  or  near  a  region  where  the  locust  frequently  appears ;  some- 
where within  yearly  reaching  distance  of  the  transient  or  perma^ 
nent  breeding  grounds  of  the  locusts.  On  the  other  hand  but  a 
few  miles  to  the  east  lies  a  region  where  the  locust  appears  but 
rarely,  while  still  a  short  distance  beyond  is  a  region  where  it  never 
appears. 

A  line  drawn  fi-om  Crookston  to  Le  Sueur,  thence  southward 
across  Iowa  through  Fort  Dodge  marks  nearly  the  general  eastern 
limit  of  serious  injury.  In  Minnesota  this  is  nearly  the  dividing 
line  between  the  prairie  and  the  timber,  which  in  Douglas  and  Ott^ 
Tail  counties  extends  some  thirty  miles  to  the  west  of  the  line 
though  not  densely  everywhere.  From  Le  Sueur  southward  the  line 
^^in  coincides  very  nearly  with  the  western  boundary  of  the  Big 
Woods,  until  the  latter,  thinning  out  give  place  to  the  prairie 
counties  of  Southern  Minnesota  and  Iowa,  where  as  the  physical 
barriers  of  the  forest  no  longer  exists,  the  liile  must  represent  nearly 
the  natural  limits  of  the  encroachment  of  the  species.  That  ther« 
is  some  such  natural  eastern  limit,  coinciding  nearly  with  the  line 
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given,  is  seen  from  the  fact  thafthe  hatching  swarms,  on  migrating, 
have  on  no  occasion  whatever  occupied  new  gi-ound  to  the  eastward, 
or  pursued  any  line  of  flight  whicn  would  not  carry  them  some- 
where to  the  west  of  where  they  hatched.  Whenever  invasioua  have 
been  carried  to  the  east  of  the  usual  line,  it  has  heen  in  all  cases  by 
8warmii  appearing  from  the  northwest,  generally  late  in  the  season 
and  by  slow  advance. 

These  in  exceptional  cases  have  occasioned  injury  or  have  deposited 
eggs  in  the  openings  to  the  east  of  the  limits  named,  but  with 
serious  results  only  in  1856  in  the  Upper  Mississippi  Valley,  and  in 
Todd  and  Steams  counties  in  1876. 

To  determine  exactly  how  far  east  the  species  has  hatched  of  late 
years,  and  to  say  just  where  it  definitely  endedj  would  have  required 
careful  examination  by  those  acquainted  with  the  species.  It 
hatched  in  1877  in  observable  numbers  at  least  fully  up  to  the  line 
given  upon  the  "  Map  of  Locust  Areas,"  in  the  report  of  the  Geo- 
higical  and  Natural  History  Survey  for  1876.  The  hatching  of  the 
year  confirmed  the  general  correctness  of  this  line;  still  more  correctly  , 
it  might  have  been  drawn  from  Detroit  to  Princeton,  thence  south- 
ward to  Austin,  whence  it  moved  southward  across  Iowa,  passing 
nearly  through  Hardin,  Story,  Dallas,  Madison,  Adams  and  Taylor 
counties.  But  throughout  all  the  eastern  portion  of  this  hatching 
area  the  young  appeared  in  squads  on  scattered  hatching  grounds, 
and  no  doubt  careful  search  might  have  found  still  others  east  of 
the  limits  given,  the  young  of  the  swarms  straggling  eastward  late 
in  the  fall,  and  finally  disappearing,  no  one  knew  where. 

It  would  be  interesting  to  learn  also  the  extreme  northeastern 
limit  of  the  appearance  of  the  species.  It  lies  somewhere  in  a  region 
of  woods  and  swamps  north  of  the  Northern  Pacific  and  east  of  the 
longitude  of  Brainerd.  This  almost  uninhabited  region,  though 
not  lying  in  the  usual  line  of  flights,  mi^ht  be  travers^  by  swarms 
in  almost  any  summer  and  the  fact  remain  unheard  of.  It  is  certain 
that  locusts  in  years  past  have  been  seen  in  swarms,  or  in  small 
aumbei^  on  the  ground,  at  Red  Lake,  Leech  Lake,  Qnll  Lake, 
Brainerd,  Aitken  and  Duluth,  while  several  years  ago  locusts  injured 
the  vegetables  and  grass  upon  the  island  opposite  Ashland,  Wis- 
consin. All  these  points  lie  in  a  region  which  the  locust  is  suppoF<ed 
to  avoid.  But  even  if  it  is  possible  for  this  insect  to  choose  by 
instinct  a  certain  line  of  flight,  and  to  select  the  winds  which  will 
carry  it  in  that  general  direction,  it  is  carried  at  times  to  situations 
which  the  most  trifiing  amount  of  instinct  would  cause  it  to  shun, 
and  has  been  found  in  immense  numbers  in  the  waters  of  Lake  of 
the  Woods,  Red  Lake,  and  in  fewer  numbers  in  Lake  Superior. 
The  northeastern  limit  of  flight  depends,  partly  at  least,  upon  the 
point  where  swarms  cross  onr  border,  and  those  coming  in  well  to 
the  east  on  the  Mauitoba  line  might,  as  in  1856,  be  carried  into  the 
Upper  Mississippi  Valley.  The  swarms  of  that  year  were  no 
straggling  bands,  blown  out  of  their  course  late  in  the  season,  but 
came  in  immense  numbers,  which  by  the  testimony  of  all  who  re- 
member the  event,  were  many  times  more  numerous  than  any  that 
have  appeared  in  later  years.  These  reached  Gull  Lake  and  the 
region  around  it  near  the  end  of  July,  and  not  only  destroyed  the 
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crops  at  Crow  Wing  and  thence  southward  in  the  Upper  Mississippi 
Valley  (which  has  never  since  been  injured  between  Crow  Wmg 
and  tiauk  Kapids.)  but  penetrated  in  monstrous  umubers  into  the 
woods  about  Mille  Lacs  Lake  where  tbey  bent  down  the  pine 
branches  mth  their  weight.  They  penetrated  in  considerable  num- 
bers as  far  as  Cambriage,  Isanti  Co.,  a  point  whith  was  hardly 
reached  by  swarms  of  18T4,  and  was  not  visited  in  1876.  All  those 
swarms  oi  1856  must  have  crossed  the  northern  boundarj'  well  to 
the  east,  or  must  have  turned  their  flight  eastward  over  the  very 
regions  which  the  locust  is  supposed  to  avoid.  It  is  also  noticeable 
that  they  penetrated  southward  only  to  about  the  neighborhood  of 
Shakopee« 

This  was  an  exceptional  instance  in  some  respects,  and  in  the 
locust  invasions  which  we  are  destined  to  suffer  in  the  future,  there 
will  probably  be  occasional  events  which  will  seem  to  contradict  all 
previous  experience,  and  to  make  it  impossible  to  lay  down  any- 
thing like  general  rules.  It  might  happen  that  swarms  in  a  long, 
warm,  and  dry  autumn  might,  pass  a  few  miles  farther  east  than 
thej?  have  ever  appeared  before,  and  leave  eggs  which  in  a  following 
sprmg  of  excessive  dryness,  and  with  a  thin  growth'  of  grain,  would 
prove  destructive  to  a  large  proportion  of  everything  sown.  For 
all  that  the  species  has  a  certain  natural  range,  and  though  no  line 
can  be  definitely  drawn  beyond  which  it  can  be  predicted  that  the 
locust  will  never  appear,  the  regions  of  habitual,  frequent,  and  in- 
frequent appearance  will  be  a-scertained,  while  there  stiU  remains 
the  strong  probability  that  with  increase  of  cultivated  acreage 
towards  the  mountain  regions  the  appearance  of  swarms  in  Minne- 
sota will  become  rarer  than  before.  It  may  even  become  possible 
to  predict  the  time  of  appearance  at  certain  points,  and  to  take  an 
example,  as  swarms  reached  Sauk  Rapids  about  Aug,  20th,  1856 
Aug.  17th,  1874,  and  Aug.  Ilth  and  18th,  1876  ;  as  they  reached 
Monticello  Aug.  13th  to  16th,  1856._Aug.  17th,  1874,  and  Aug.  18th, 
1876,  it  is  not  probable  that  they  will  often  reach  the  Upper  Mis- 
sissippi before  the  middle  of  August,  or  will  often  prove  destructive 
to  any  great  distance  beyond  it,  either  in  a  summer  of  invasion  or 
in  the  spring  following. 

Finally,  if  there  is  in  future  any  fear  that  Minnesota  may  become 
a  pei-manent  breeding  ground  of  the  locust,  it  may  be  said  that  so 
far  as  is  known  there  is  no  permanent  breeding  ground  of  the 
species  in  any  strict  sense  of  that  term.  The  species  is  migratjsry, 
and  until  it  loses  this  habit  there  is  no  fear  that  the  swarm  which 
hat-ch  here  will  remain  to  breed  by  natural  increase.  They  may  re- 
move but  partially,  or  to  a  short  distance  onjy,  or  they  may  be  re- 
placed by  others  in  the  same  season,  but  in  any  case  the  instinct, 
the  impulse,  or  the  chance  wind  which  brings  them  upon  us  will 
eventually  remove  their  offspring. 
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The  reference  on  the  2d  page  of  this  report  to  damage  inflicted 
r  the  Chinch  Bug  may  be  fonnd  on  pp.  17  and  18  of  the  Report 
■  the  Commissioner  of  Statistics  for  1877,  as  follows  : 


"The  crop  of  1876  was  menaced  bj  three  destructive  affeudes.  The  one  hI- 
lead^  menboned — keat  drouth  or  whaterer  it  waa  ;  the  oreadfiil  locust,  whose 
flickering  wing«  filled  the  air  in  the  western  portions  of  the  state  hma  the  earth 
to  the  hifiheat  point  of  human  vision  ;  and  locally,  in  HooBton  county,  the 
chinch  bug,  where  considerable  damage  was  inflicted  bv  this  new  foe  to  our 
great  staple. 

•  ••*••  ^]jg  third  was  not  of  sufficient  magnitude  to  warrant  the  precise 
ascerttunment  of  it — but  it  is  a  dangerous  and  inHidious  foe,  and  doublj  danger- 
ous bec&use  it  is  insidious,  and  should  the  coming  year  be  marked  with  their  re- 
newed attacks,  they  should  be  carefiilly  studied  and  their  characteristics  report- 


Upon  page  97  of  the  same  report  the  Commissioner  quoted  the 
following  letter : 


r.  Jf.  Mtleal/,  Commiagioner  of  Sl(Ui»tici: 

Sib: — In  reply  to  your  inquiries  as  to  the  ravages  of  the  Chinch  Bug  in  this 
county,  I  cannot  saj  much. 

Iliese  peats  are  a  mystery  to  me,  and  to  ever}'  one  of  whom  I  have  inquired, 
and  1  have  not  been  able  to  find  out  much  about  them. 

They  are  here  now;  they  have  charged  the  earth  with  eigs  ready  for  the  hatch- 
ing temperature  of  earhest  Spring,  when,  I  fear,  our  farmers  here  will  catch  it 
asain-  1  learn  that  they  are  at  Fountain,  on  the  Southern  Minnesota  Radi'oad, 
in  myriads. 

It  IS  estimated  that  they  destroyed  two-fifths  of  the  wheat  crop  of  this  county 
in  1877. 

The  bee  theory  has  l>een  tried  on  them.    They  smell  like  a  bed-bug.  and  one 
can  detect  their  presence  by  the  ameil  in  walking  through  the  fields.    They  also 
manifest  themselves  by  the  cliange  in  the  color  of  the  grain.    Their  season  is 
when  the  grain  is  in  the  "milk,"  just  before  tarveat. 
They  do  no  injury  at  all  before  that  time. 

It  is  said  that  they  wei*  hpre  before— just  at  the  close  of  the  war.  Some  of 
them  live  in  the  ground,  under  the  stools  of  the  grain  through  the  winter,  but 
most  of  them  leave  their  eggs  and  die  in  the  fall, 

Thej  work  in  a  small  patch,  and  all  that  ai'e  in  that  patch  get  together  at 
night  in  a  large  pile,  like  ants  in  a  hill,  and  the  Ixiot-heel,  and  hot  water,  with 
aid  of  lanterns,  are  used:  but  this  is  a  slow  process.  When  they  finish  a  small 
patch,  they  move  to  another  part  of  the  field. 

They  were  not  troublesome  in  the  western  part  of  this  coimty.  nor  were  there 
many,  if  any,  in  adjoining  counties. 

Very  Respect tiiUy, 


byGoo'^lc 


BTATE    QEOLOOiei.  •  151 

I  have  receiTed  the  following  letter  from  the  same  source  : 

DeabSir: — Yourfevor  of  the  ItNihinst.  reauestinff  information    coQcerninfr 
chinch  bu^,  tye,  &c,  catne  duly.    The  chinch  oaga  promuie  mischief  o^atn  this 

Sta  in  thiB  count}-.    They  aie  very  thick  in  the  fielue.     We  ate  a  little  m  hopes 
fttfrequent  cool  sbowera  will  keep  them  back,  and  the  early  season   ripen  the 
□  b^ore  they  do  much  d&ma^.    Some,  not  much,  wij)ter-T7ei3  sown.    The 
^o  not  trouble  that  much  1  am  informed. 

Respectfnllr, 

E.W.' 


sraui  betoi 
bugs  don 


^  TRASK, 
Anditot  of  Houston  Co. 
Calbiwbu,  Minn.  May  22,  1878. 

Crop  reports  ia  the  St  Paul  Pioneer  Press  during  the  past  month 
mention  the  presence  of  the  chinch  bug  in  other  localities.  As  it 
may  be  necesHary  for  farmer?  to  take  what  precautions  they  can 
against  this  most  dangerons  insect,  I  here  briefiy  digest  the  sub- 
stance of  several  entomological  reports  upon  the  chinch  bug.  with 
the  hope  that  the  republication  of  these  notes  in  the  newspapers 
may  add  something  to  the  knowledge  of  those  who  are  not  practi- 
cally acquainted  with  it.  Riley's  Seventh  Annual  Report  for  the 
State  of  Missouri  (pp.  19-50)  describes  (with  figures)  the  insect  in 
full,  its  habits  natural  enemies,  and  the  best  methods  of  contend- 
ing with  it.  Fitch's-  2d  Entomological  Report  for  the  State  of 
New  York.  Harris,  Insects  injurious  to  Vegetation,  and  Prof  A. 
8.  Packard's  Report  on  the  Locust  and  other  Insects  in  the  west- 
em  States  and  Terntones  contain  interesting  and  valuable  infor- 
mation OD  the  same  subjects. 

THE  CHINCH   BDG. 

Mentioned  in  various  agriculturil  and  entomological  reports  un- 
der the  scientific  names  of  L^ga^us  Z>eiit:oj)tenis,  Mhijparochromua 
Leucopiervs,  ificrojnis  Leiwoplerus,  Blissus  Leucopfenis. 

An  hemipterous  (half-winged)  insect  of  the  sul>order  of  Heterop- 
tera;  emitting,  like  many  insects  to  which  it  is  related,  and  for  some 
■of  which  it  is  easily  mistaken,  a  nauseous  (bed-buggy)  odor, 

A  sucking  (haustellate)  insect,  furnished  with  a  sharp-pointed 
beak,  subsisting  upon  the  juices  of  grasses  and  cereals.  Found 
while  young  feeding  upon  the  roots  and  aft«rwards  upon  stalks  and 
leaves. 

The  adult  insect  is  about  three-twentieths  of  an  inch  in  length; 
the  body  is  long,  blackish,  and  hair>';  the  wings  and  fore  ivings  are 
white,  while  the  latter  have  a  black  spot  upon  the  middle  of  the 
edge;  legs  dark  yellqw.  Some  ten  varieties  (inchiding  one  wing- 
less) are  found  ditfering  more  or  less  in  color,  but  iu  general  the 
species  may  he  easily  distinguished  by  the  white  fore  wings  with 
the  black  spot  upon  the  edge. 

The  adult  insects  poaa  the  winter  hidden  about  the  edges  of  fields, 
"  under  dead  leaves,  under  sticks  of  wood,  under  flat  stones,  in  moss, 
in  bunches  of  old  dead  grass,  or  weeds  or  straw,  and  often  in  corn- 
stalks and  corushucks. — Bihij. 
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These  come  forth  in  the  warm  spiing,  pair,  and  the  female  ii&- 
posits  her  eggs,  laying  theni  from  day  to  day  for  about  twenty  days, 
undergrouDa  upou  the  roots  of  the  plant  destined  for  food.  These 
are  laid  in  clusters,  and  are  about  three  one-hundredths  of  an  inch 
long,  and  pale  amber-colored.  They  hatch  in  about  two  weeks,  and 
the  wingless  young,  bright  red  in  color,  may  be  tbund  around  and 
clinging  to  the  roots  where  they  have  been  hatched.  These  acquire 
wings  in  about  six  weeks,  and  after  pairing,  produce  a  second  brood 
which  lives  through  the  winter,  as  stated  above. 

The  insects  may  be  seen  upon  the  wing  at  pairing  time  but  do 
not  take  to  flight  readily.  Their  migrations  are  performed  mftstly 
on  foot,  iu  the  growing  stages,  and  from  one  field  to  another. 

For  the  purpose  of  destroying  the  adult  insects  in  the  fall  and 
winter,  and  to  prevent  future  multiplication,  the  corn-stalks,  dry 
weeds,  rubbish,  Sc,  about  the  fields,  should  be  burned,  or  these  with 
boards,  or  anything  under  which  the  insects  may  take  shelter,  may 
be  left  around  the  fields,  for  the  purpose  of  trapping  them. 

As  the  female  endeavors  to  penetrate  below  the  surface  of  the 
ground  for  the  pupose  of  depositing  her  eggs  about  the  roots  of 
pUnts,  rolling  after  seeding  tends,  by  hardening  the  ground,  to  pre- 
vent the  deposit  of  eggs, 

Early  sowing  and  invigorating  the  plant  with  manure  tend  to 
bring  forward  the  crops  before  the  young  ar«  capable  of  doing  their 
greatest  injury. 

As  Hungarian  gross  is  a  tavorile  food  of  the  chinch  bug,  a  rod  or 
two  of  it  sown  around  a  field  of  wheat  tend  to  keep  the  young  occu- 
pied until  the  wlieat  is  out  of  dajiger.  It  is  also  recommended  to 
BOW  with  each  12  bushels  of  winter  wheat  one  bushel  of  winter  rye, 
as  the  bugs  will  destrt)y  the  lye  in  preference  to  the  wheat;  or  to 
sniTound  or  intersperse  grain  crops  with  hemp,  flax,  castor  beans, 
or  buckwheat.  Whenever  badly  infested  patches  of  grain  are  no- 
.ticed  early  in  the  season,  straw  should  be  spread  over  them  and 
burned. 

The  migrations  of  the  young,  on  foot,  are  prevented  by  boards 
set  on  edge  along  fields,  and  smeared  with  tar;  or  by  eoal  tarpoured 
along  on  the  ground;  or  by  nanning  along  the  edge  of  fields  a  fur- 
row turned  outward,  in  which  the  insects  may  De  destroyed  by 
dragging,  burning,  or  in  pit-holea. 

Excessive  moisture,  (rain,  etc.)  are  destructive  to  the  chinch  bug; 
hence  wherever  continuetl  irrigation  is  possible  the  insects  may 
alwfiys  i>e  destroyed  while  still  underground. 

Amongthe  natural  enemies  of  the  chinch  bug  are  several  species 
of  Lady  Bird,  the  Insidious  Flower  Bug,  and  the  many-Banded 
Rubber,  (of  insects),  and  the  quail,  as  well  as  (perhaps)  the  prairie- 
chicken  and  red-winged  black- bird. 

As  before  stated,  many  insects  closely  related  to  the  chinch  bug, 
having  nearly  the  same  form  and  smell,  maybe  easily  mistaken  font. 
Perhaps  the  most  common  of  these  is  the  False  Uhinch  Bug  (Nvsius 
Destructor).  [  I  found  these  in  abundance  (pairing)  around  Mon- 
ticello,  June  li,  iu  comstubble  and  around  purslane  ;  they  were 
mistaken  for  the  chinch  bug  by  those  who  had  seen  the  latter  re- 
peatedly]. 
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The  chinch  bug  is  a  southern  rather  than  a  northern  species  of  ' 
insect,  but  it  has  been  found  in  Wisconsin  considerably  farther 
north  than  in  Minnesota,  and  Prof  Packard  has  found  it  in  Maine 
and  on  the  summit  of  Mount  Washington.  He  inters  that  it  is 
found  in  the  colder  as  well  as  warmer  portions  of  New  England, 
and  adds.  "It  probably  inhabits  the  entire  Unitfid  States  east  of 
longitude  100°,  and  will  probably  occur  in  the  western  Territories, 
wherever  wheat  is  raised,  though  perhaps  the  altitude  and  peculiar 
climatic  features  of  the  Rocky  Mountain  Plateau  may  prevent  its 
rapid  and  sndue  increase." 

It  has  years  of  escessire  moltiplicatton,  like  the  locust,  and 
other  insects.  In  3864  it  was  exceedingly  destructive  in  the  Mis- 
sissippi Valley.  In  1868  it  did  considerable  damage  in  Southern 
Illinois  and  Southwestern  Missouri.  In  1871  and  1874  it  was  again 
very  destructive — in  the  former  year  the  losses  were  estimated  at 
thirty,  and  in  the  latter  at  sixty  million  dollars,  the  losses  in  Mis- 
souri alone  amounting  to  ninteen  millions.  (Biley).  In  such  years 
as  these  its  control  passes  beyond  the  hands  of  man,  and  it  is  only 
possible  to  mitigate  its.  ravages  to  some  extent,  by  earnest  and 
united  efforts. 

Respectfully  submitted, 

ALLEN  WHITMAN. 
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ORNITHOLOGY. 


REPORT   OP  DR.   P.    L.   HATCH. 


Prof.  iV.  H.  Winchell: 

Dear  Sir  : — In  accordance  with  yonr  reqnest  I  have  the  pleasure 
to  report  a  satisfactory  adTaucement  of  the  ornithological  aurrey  of 
the  State  during  the  past  year.  Personally,  and  through  the  assist- 
ance of  competent  oljservera,  representative  localities  remote  from 
the  settlements  have  received  special  attention,  particularly  those 
embracing  watercourses,  and  heavily  timbered  districts,  Manyim- 
'  portant  tacta  pertaining  to  the  migration,  distribution,  feeding) 
and  breeding  of  some  species  about  which  hitherto  very  httie 
has  been  known,  have  been  obtained  which  will  be  valuable  in  the 
further  proaecution  of  the  survey.  Another  of  these  facts,  notably, 
is  the  intermixture  of  varietal  forms  representing  different  avi-faunal 
provinces.  The  western  borders  of  the  State  have  long  been  known 
to  be  interchangeable  grounds,  but  it  appears  that  most  other  por- 
tions partake  of  the  same  characteristics.  I  merel,y  allude  to  these 
things  to  indicate  to  you  some  features  of  the  work  to  be  accom* 
plished.  If  it  were  only  the  listing  of  species  found  to  be  what  is 
commonly  called  resident  birds,  my  previous  work,  together  with 
my  co-laborers  in  the  Minnesota  Academy  of  Natui^  Sciences, 
would  leave  comparatively  little  to  be  done.  But  it  embraces  the  larg- 
est measure  of  attainable  data  in  everything  pertaining  to  the  esthetic 
and  economic  relationships  of  the  birds  to  the  commonwealth. 

To  accomplish  so  much,  or  to  approximate  it  necessitates  the 
employment  of  all  available  aid  and  considerable  time.  I  regard 
myself  highly  favored  in  having  the  co-operation  of  several  compe- 
tent collectors  in  the  different  sections  of  the  State  and  especially 
a  number  of  young  men  residing  in  this  city.  They  have  already 
contributed  notes  on  the  habits  of  some  rare  species  that  are  of 
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great  value  which  will  appear  in  my  final  report,  when  each  will 
Be  duly  accredited  with  all  that  he  has  done. 

With  this  abhreriated  general  statement  of  what  I  have  accom- 
plished during  the  year,  renerriiig  details  for  a  final  report,  I  remain 
Yours  reapectfully, 

P.  L.  HATCH. 
818  Nicollet  Avenue,  Minneapolis,  May  1, 1878. 
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SIX. 

RAILROAD  ELEVATIONS. 


BT  E.  8.  ALEXANDER. 


ELEVATION  on  the  Unkkinson  branch  of  the  Minneapolis  and 
Northwestern  Railwatj — Commencing  11.6  miles  west  <f  Minne- 
apolis, on  the  line  of  M.  (&  St.  L.  Railway,  thence  westward 
through  counties  <f  Hennepin,  Carver  and  McLeod,  to 
Hutchinson— from  notes  of  preliminary  survey 
made  in  November,  1877. 


Tovm-llne  between  Eden  Pmlrie  and  Mlnuetonkn  townships  IK 

mllracavtof  northwest  comer  oIE.  P.  tow-nslilp  (BTuund) 
Bottom  lit  Furgatory'""'!''' 

Town-linp,  Mlniielnnki 

townslilp  comer  (ground). 

Opposite  north  end  o(  8[It1i 


id  Exeelslur  townships,  %  mile  nonb  of 


3M  L&ke  (water— sboat)... 

,ni-i-uSllvlne  and  Cliristinas  lakes 

<it  nias  Lake 

ler— about) 


■•      "      (water) 

>n  west  line  olHectionanenr  M  comer  Chanbassan  township.  T 
ts  on  H  unirnw  lidEe  16  leet  above  tlie  tamavach  swonip  on  w« 
and  SO  feet  aliove  tnniarack  swamp  on  east ;  the  hills  on  each  si 

are  iilxtr  or  xeventy  leet  higher  tlian  tlic  swamp 

HlnnewaHllta  Lake  (Witter) 

Kortli  line  of  CbanliHssi;!)  township,  lu  [rout  ot  school  homie  Mo. 

Vfl^nia  Lake  (water) 

Outlet  or  Vliiclnia  Uike— liend  nl  Lake  Hinnetonka— old  site  of 

"" ~vn  (water  ol  Hlnnetouka) 

tliK  line  follows  aiwnid  the  "iiiith  slile  ol  Lake  Mlnne- 
Mulsied's  bay  Co  2«.2  miles.  BluHs  are  Ironi  SO  tu  loof  t-hljch. 
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RldgQ  between  8lx-ni lie  creek  and  Halsted's  bay 

MttRli  ol  S[x-mlle  creek 

Sln-MlleoreBk  (bottom) 

Soo  leet  north  of  the  center  of  section  20,  Mlnnetrlsta  townihlp — out- 
let ol  large  craaberrr  maisb 

Watershed  between  Lake  Mlnnetonka  and  Craw  river 

>  On  south  edge  or  Picture  or  MudLake  (water) 

Center  of  section  14.  Watertown  township 

Crow  mverfbluS  on  east  Bide) 

"        "     (Watertown  mJtl-dam) 

"     (bottom  of  river) 

1^00  teet  north  o(  southwest  eomer  d(  aecllon  8,  'Watertown  Tp., 

(grassj  swamp) 

Ocean  Marsh  (arHSsy  marsh) 

Conntf-llDe  between  Carver  county  and  McLeod 

Oattet  of  WlnatedLake  [dry  bottoml. 

fflusted  Lake,  wulb  aide  ttop  of  bluff] 

"     [water] 

l,«»reetwestof  the  southeast  comer  ol  section  28  In  Hale  townshfb 
—ball  DtUe  north  ol  Sliver  Lake  post-offlce 

Swan  Lake  [water] 

Bear  creek 

Leave  Big  Woods  and  enter  tbe  rolllnK  prairie 

Oow  Blrer  IbluOl 

-      [waterl 

"        "      [bottom] 

Hntehinton 


The  above  levels  do  not  give  a  correct  idea  of  the  nature  of  the 
country — ^which  is  very  rough  as  far  as  Watertown. 

Frpm  12.5  miles  to  16.8  miles  the  line  follows  the  valley  of  Pur- 
gatory Creek,  whose  blnffe  roll  back  to  a  height  of  about  70  feet  in 
qoarter  of  a  mite. 

At  17.0  miles  the  line  crosses  a  ridge  which  runs  northeasterly 
and  southwesterly.  This  ridge,  compressed  to  a  width  at  the  base 
of  500  or  60U  feet  between  lakes  Silvine  and  Christmas,  widens  out 
both  southwest  and  northeast.  It  prevents  Lake  Minnetonka  from 
draining  into  Purgatory  creek — although  that  valley  is  nearly  forty 
f^  lower  than  tne  l^e — and  flowing  thence  into  the  Minnesota 
liver. 

The  btu£&  on  Lake  Minnetonka  rise  abruptly  to  hight  of  about 
80  feet,  and  a  few  hundred  feet  back  are  100  feet  above  the  lake. 
The  line  runs  around  on  the  foot  of  the  bluds. 

From  Six  Mile  creek  the  line  follows  up  a  small  valley  to  29.3 
miles  where  it  croH.ses  the  wutershed.  At  this  place  there  are  hills 
on  each  side  which  must  be  SO  feet  higher. 

From  here  it  follows  down  a  small  ravine  between  high  hills  to 
Picture  Lake.  On  the  north,  south,  and  northeast  sides  of  this  lake 
the  hills  rise  abruptly  aWut  one  hundred  feet. 
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From  here  to  Watertown  tlie  country  ia  not  so  broken. 

From  36.5  miles  the  line  follows  up  a  small  valley — whose  bla& 
are  about  40  feet  high — to  39.9  miles. 

From  this  point  to  Hutchinson  the  general  level  of  the  country 
is  very  well  shown  by  the  table.  It  is  rich  and  rolling,  the  knolls 
rise  ten,  twenty,  and  sometimes  thirty  feet  above  the  depressions. 

[The  red  hardpan  drift,  in  a  modified  condition,  extends  rta  Hopkins  Staiios, 
past  the  eaxt  end  of  Lake  Minnetonka,  and  to  within  perhaps  fire  or  six  milee  cf 
Excelsior.  The  drift  knoUs  that  seem  to  extend  in  a  nearly  continnouj  series 
alouET  the  south  aide  of  the  Lake  Uinnetonka  consigt  of  this  red  drift.  There  aie 
occasional  places  of  sandy  surface,  and  otbers  of  red  loam,  but  the  most  of  the 
surface  is  of  a  red  gravelly  loam  that  seems  to  be  derived  ^m  a  slight  mixing 
of  the  gravelly  sub-eoil  with  a  thin  loam  that  probably  corresponds  to  Uie  loess 
loam  of  fiirUier  east.  On  these  knolls  the  soil  is  the  same,  but  is  much  thinner, 
or  ahnost  destitute  of  loam. 

On  the  road  to  Wayzata,  from  Minneapolis,  the  red  drift  conldnnes  to  the 
Half-way  House  about  seven  miles  from  Minneapolis.  Thence  westward,  along 
tiie  north  side  of  Lake  Minnetonka,thesurfiiceisoneof  gray  hardpan.  N.H.  W.] 
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REPORT  ON  THE  GENERAL  MUSEUM, 


By  N.  H.  Winchell,  Ciimfor. 

Tbe  principal  work  during  the  year  has  heen  the  opening,  cata- 
loguing, and  placing  on  exhibition  of  the  Kunz  collection  of  minerals. 
On  the  completion  of  the  twelve  cases  designed  for  minerals  and 
fossils,  which  are  constructed  on  the  plan  of  similar  cases  iu  the 
Smithsonian  Institution  at  Washington,  these  specimens  were  de- 
posited therein.  They  were  subsequently  re-handted  and  neatly 
labeled  with  a  form  of  printed  label.  In  the  same  cases  have  been 
placed  a  part  of  the  fossils  of  the  Trenton  formation  which  have  been 
studied.  The  duplicates  of  the  species  of  the  Kunz  collection,  which 
constitute  nearly  one-half  of  its  bulk,  have  also  been  examined,  re- 
corded in  the  register,  and  re-boxed.  They  will  shortly  be  offered  for 
exchange,  ar  d  in  that  way  will  serve  to  increase  the  number  of 
species  m  the  Museum. 

The  Megatherium  skeleton,  a  part  of  the  collection  purchased  of 
H.  A.  Ward  several  years  ago,  was  unboxed  tor  the  first  time  since 
its  delivery  at  the  University,  in  the  summer  of  1877,  and  carried  to 
ihe  north  room  of  the  Museum  preparatoir  to  mounting.  Unar 
voidable  circumstances,  much  to  be  regretted,  have  delayed  this  to 
the  present,  and  the  room,  on  the  floor  of  which  it  is  spread  out, 
has  necessarily  been  closed  to  promiscuous  admission  of  tne  public, 
though  interested  visitors  have  been  admitted  on  application. 

Two  other  upright  cases  have  also  been  built  in  the  north  room, 
-  uniform  with  those  reported  last  year,  designed  for  the  exhibition 
of  birds,  thus  furnishing  the  walls  of  the  room  with  all  the  cases 
they  will  accommodate.  In  one  of  these  cases  Mr.  Herrick  has 
placed  a  number  of  our  native  birds,  tastefully  and  naturally 
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mounted,  and  arranged  oa  artificial  supports.  Tlie  ornithological 
otaervations  of  Mr.  Herrick  daring  the  year  have  been  report«a  to 
Dr.  Hatch,  for  use  in  preparing  a  Snal  report  on  the  ornithology  of 
the  State. 

In  addition  to  the  birds  added  to  the  Museum,  a  number  of  plant- 
specimens  have  been  preserved  by  Mj.  Herrick  ;  and  others  have 
been  presented  by  Mr.  B.  Juni. 

The  fossils  collected  &om  the  Trenton  limestone  at  Minneapolis 
are  mostly  entered  in  the  Renter,  though  aa  yet  unstudied. 

A  collection  of  marine  specimens  from  the  coast  of  Virginia  was 
presented  by  Ex-Governor  norace  Austin,  comprising  the  following 
species: 

1.  Flmag  Gnmard.     Perinolhus  {tp?) 1    spec; 

2.  Weak  Fish.    OtoUthas  regalia.    Cud.  and  Val 1    Bpec: 

3.  ToadFuh.    Balrackua  lau.    Linn 1    specimeit. 

4.  Percii.    Pereaiepl) Sapecimens, 

5.  Fiddler  crab.    Gelatitnut  foeans.    Milne  Ed 1    spedmen. 

6.  Crap,     l/upa  (ap?) 5  specimens. 

7.  Brachyuran  crustaceant 3  apecimena. 

8.  Sea  Urchin,     Echinus  (ep?) 2  apecimem. 

9.  Brittle  Star.    O^ftidt-a  (ro?) , !    specimen. 

10.    StarFiab.    Atteriat  (apr) 2  spiedtnens. 

These  have  been  placed  in  suitable  bottles  in  alcohol,  and  form, 
iogith&t  with  other  specimens  collected  in  the  Custer  Expedition  to 
the  Black  Hills  in  1874,  and  others  preserved  last  year,  the  nucleus 
of  a  collection  of  the  invertebrate  and  lower  vertebrate  animals 
which  will  be  of  much  interest. 

A  specimen  of  the  so-called  Jack  Rabbit  was  obtained  at  Lake 
Shetek  in  Murray  county,  where  was  also  found  the  common  eastern 
species.  This  is  probably  nearly  on  the  eastern  limit  of  the  range 
of  the  Jack  Rabbit.  A  few  skulls  are  mounted  on  suitable  pedes- 
tals, viz.:  (his,  Canis,  and  Felis,  to  which  othera  will  be  added. 

The  following  catalogue  shows  the  name,  number,  and  source 
of  the  geological  and  niineralogical  specimens  added  during  the 
year,  exclusive  of  the  collection  of  several  boxes  in  the  prosecution 
of  the  field  work  of  the  Geological  Survey,  and  only  so  far  as  the 
same  have  been  examined  and  labeled. 
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■    ERRATA. 

On  pagre  3,  insert  "tbe"  before  Geolo^cal. 

On  pag«  3,  for  "Dec.  HI,  mi,"  read  May  2-">.  IH1'<. 

On  paife  27,  fifth  line  from  top.'  for  '■lining''  read  liiuy. 

On  page  28,  fiwt  line  from  top,  for  "6.44"  read  6.21, 

Onpti^  28,  fiiBt  Une  from  top,  for  ";12.287"  read  :J1.287. 

On  pajfe  28,  second  line  from  top,  last  column  in  table,  for  "0''  i\miI  'J. 

On  page  43,  for  "Reconnoisences"  read  Reconnoissancea. 

On  page  48,  eighth  line  from  bottom,  for  "moutone-ed"  read  mirnlomir-eil . 

On  page  53,  second  line  from  bottom,  for  "Bcantly"  read  scantily. 

On  page  55,  third  line, from  bottom,  for  "60"  i«ad  27. 

On  page  59,  twelfUt  line  from  bottom,  for  "noliUiic''  read  neolithic. 

On  pa^  68,  third  line  fttmi  the  top,  for  ■'ThW  read  This. 

The  69th  and  70th  pages  should  exchange  places. 

On  page  75,  at  bottom,  add  Ilex  verticetliitu,.  Orai/,  Blikck  aider. 

On  page  82,  foniteenth  line  from  top,  for  ■■ChiefeetB"  read  Chiet-'tt's. 

On  page  83,  twenty-fourth  line  from  the  bottom,  for  ' 'organ imvl"  iTnd  recog- 

On  page  99,  seventeenth  line  from  bottom,  for  ' 'sou (h wet*;™"  niiil  south- 
eastern. 

On  page  123,  third  line  from  top,  for  ''exposuse"  read  usposmi'. 

On  page  12:i,  sixth  line  from  top,  for  -mills"  read  niilcM. 

On  page  129,  fourth  line  from  bollom.  for  "63"  read  .Vi. 

On  page  201 ,  strike  out  "Rock  on  which  Dalnth  is  built." 

On  page216,  the  words  "with  4  fluid  cavities  marked  with  ink,"  ami  "fiysfal 
showing  'o  plane  (^  Dana,"  should  eitcli  \x;  ptaci>d  a  liiii>  lowi-r  on  the 
page. 
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A-DDRESS. 


The  Ukivbbsity  of  Minitesota,  ) 
M1NKEAFOL13,  Minn.,  > 

December  31, 1878.     ) 
To  the  President  of  the  Universiti/: 

Deas  Sia — I  hare  the  honor  to  offer  the  Seyenth  Annual 
Report,  as  required  by  law,  on  the  progress  of  the  Geological  and 
Natural  History  Survey  of  the  State. 

Very  respectfully,  your  obedient  servant, 

N.  H.  WINCHBLL. 
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REPORT. 


I, 

SUMMARY  STATEMENT. 


Before  the  beginning  of  the  field-work  for  the  year  the  Board  of 
Regents  took  important  action  relating  to  the  Geological  and  Nat- 
ural History  Snrrey  of  the  State,  intended  to  carry  out  some  of 
the  suggestions  of  the  last  report. 

lat.  The  State  Geologist  was  reliered  from  giving  inBtniction 
ID  the  University,  and  an  assistant  was  appointed  to  discharge  those 
duties. 

2nd.  The  operations  of  the  survey  were  transferred  to  the 
northern  part  of  the  State. 

3d.  The  zoological  and  botanical  investigations  were  ordered 
to  be  kept  in  abeyance  or  carried  only  so  far  as  possible  withoot 
much  additional  expense. 

4th.     The  geological  survey  proper  was  ordered  to  be  pushed  as 

rapidly  as  possible,  with  a  view  to  substantial  completion  in  four 

years,  and  the  publication  of  a  couple  of  volumes  of  a  final  report, 

one  on  the  northern  part  of  the  State  with  the  necessary  mineral- 

_  ogy,  and  one  on  the  southern  with  the  necessary  paleontology. 

6tb.  The  annual  reports  on  the  geological  work  were  ordered  to 
be  brief  aud  synoptical,  the  details  of  the  survey  being  reserved  for 
final  publication  in  a  more  substantial  and  creditable  form. 

In  consequence  of  this  action  the  following  report  is  calculated 
to  give  but  an  outline  of  the  progress  of  the  survey  during  the 
year. 

Mr.  G.  W.  Hall,  late  of  Leipzig,  who  was  appointed  an  assistant 
on  the  survey,  conducted  an  independent  party  in  the  northern 
part  of  the  State  during  September  and  October,  and  his  prelimin- 
ary report  on  the  same  is  herewith  transmitted. 
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Professor  Peckham'e  report  on  chemical  work  done  tor  the 
survey,  and  on  an  expedition  for  assaying  ores  on  the  north  shore 
of  Lake  Superior,  is  embraced  in  the  following  pages. 

Dr.  P.  L.  Hatch  submits  an  annual  statement  of  progress  in 
ornithology. 

Identifications  of  plants  in  the  northern  part  of  the  State,  and 
notes  on  the  Bora  and  forest  of  the  same  are  contributed  by  Mr.  B. 
Juni  who  was  special  botanical  collector  during  a  portion  of  the 
season  of  1878. 

Mr.  C.  L.  Herrick,  assistant  in  the  laboratory,  is  engaged  on  a 
systematic  examination  of  microscopic  entomostraca  inhabiting 
fresh  waters  in  Minnenota.  This  he  has  prosecuted  for  more  than 
a  year,  and  he  contributes  to  the  survey  the  first  results  of  his 
work. 

The  Museum  report,  accompanying  this,  shows  recorded  addi- 
tions to  the  specimens,  and  increased  titcilities  for  exchanging  and 
working  up  the  material  on  hand. 

The  survey  is  under  obligations  to  President  John  P.  Ilsley,  of  the 
St.  Paul  and  Duluth  R.  R.  and  Chas.  F.  Hatch,  Superintendent  of  the 
Minneapolis  and  St.  Louis  R.  R.,  for  free  transportation  on  those 
railroads  respectively,  and  to  McLennan  and.  Morison  of  Duljth, 
Henry  Mayhew,  of  Grand  Marais,  and  N.  T.  Wilson  and  James 
Caldwell  of  Grand  Portage,  for  various  favors  in  organizing  par- 
ties and  transporting  supplies  and  specimens. 
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II. 

SKETCH  OF  THE  WORK  OF  THE  SEASON  OF  1878, 


Before  entering  on  the  field-work  for  the  season  of  1878,  it  was 
decided  to  give  special  attention  to  the  economical  mineral  interests 
of  the  northern  part  of  the  State,  and  if  necessary,  to  spend  the 
whole  summer  in  visiting  and  examining  the  mineral  locations  and 
workings  that  have  been  begun  in  that  part  of  the  State.  This 
was  published  in  several  of  the  State  papers.  It  was  very  soon  di»- 
covered,  however,  that  the  general  interest  of  mining  in  the  State 
had  been  over-estimated,  and  that  but  very  few  persons  were  suffi- 
ciently enlisted  to  desire  any  examination,  or  to  accompany  any 
geological  party  to  their  claims;  and  in  fEict,  that  at  the  present 
time  there  is  no  actual  mining  being  done  at  any  place  in  the  State. 
It  was  at  but  one  point  that  the  owner  of  any  mineral  location  was 
found  at  work  on  his  claim,  though  at  a  number  of  places  shallow 
shafts  for  trial  hare  been  sunk,  and  at  some,  a  cousiderabie  deep 
excavation  has  been  done  in  previous  years.  Still,  the  original  plan 
was  carried  out,  and  all  mineral  locations  of  which  any  information 
could  be  obtained,  were  examined,  so  far  as  they  were  embraced 
within  the  territory  of  the  State,  and  several  also  m  British  terri- 
tory. In  addition  to  the  examination  of  all  known  mineral  loca- 
tions, the  geology  proper  of  the  northern  part  of  the  State  has  been 
carefully  observed  along  some  important  lines,  and  about  forty-five 
boxes  of  specimens  have  been  collected.  The  work  consisted  in  a 
careful  examination  of  the  coast  line  of  Lake  Superior  Grom  Duluth  to 
Pigeon  river,  for  geological  and  lithological  data.  This  occupied  the 
greater  part  of  July  and  August.  During  September  and  October  two 
independent  parties  were  engaged.  One  was  occupied  in  ascending 
some  of  the  streams  that  enter  Lake  Superior,  beginning  with  those 
most  easterly,  and  the  other  in  a  trip  along  the  iBtemational  boun- 
dary line  as  far  as  Basswood  lake;  thence  to  Vermilion  lake;  thence, 
by  the  Embarrass  river,  to  the  St.  Louis  river.     Descending  the 
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St.  Louis  to  its  nearest  point  of  approach  to  the  Mississippi  river, 
this  party  crossed  over  to  the  Miaaissippi,  and  descended  it  as  far  as 
Little  Falls,  in  Morrison  county,  when  floating  ice  and  cold  weather 
rendered  it  impossible  to  continue  the  descent  by  river.  The  details 
of  these  explorations  will  be  given  in  working  up  the  geology  and 
and  lithology  of  the  State.  Some  of  the  salient  results  are  given 
by  Mr.  Hall  in  his  report  accompanyii^;  this,  and  others  may  be 
grouped  and  stated  as  follows. 

(a)  Geological  Results. 

The  trend,  or  strike,  of  the  formations  of  the  northern  part  of 
the  State,  north  of  Lake  Superior,  is  more  nearly  east  and  west 
than  has  been  supposed.  Hence,  they  cross  the  coast  line  at  an 
aonte  angle,  the  later  formations  being  toward  the  south,  and  the 
older  along  the  international  boundary  line.  The  igneous  cuprifer- 
ons  series  seems  to  overlie  several  formations  unconformably,  and  to 
be  interstratified  with  some  of  the  later,  and  especially  with  a  red, 
shaly  sandstone. 

The  formations  that  compose  the  coast  line,  including  the  cupri- 
ferous rocl^  which  are  everywhere  the  most  conspicuous,  and  tor 
many  miles  constitute  the  only  visible  rock,  seem  to  be  something 
as  follows,  in  descending  order. 

1.  Metamorphic  shales,  sandstones  and  quartzyte.  These  are 
cut  by  dykes,  and  are  interbedded  with  igneous  rock.  They  prevail 
along  the  coast  from  Duluth,  an  undetermined  distance  northeast- 
ward, and  are.  perhaps,  the  formation  that  Sir  W.  E.  Logan  regarded 
the  Quebec  group,  as  they  are  associated  with  copper-bearing  amyg- 
daloids  and  traps. 

3.  Ferruginons  and  aluminous  sandstones.  These  seem  to  be 
metamorphosed  into  a  firm  basaltiform  red  rock,  as  seen  in  the  Pali- 
sades, and  at  other  points.  The  sandstones  may  be  seen  at  Black 
Point,  interstratified  with  igneous  rock. 

3>  A  quartzose  conglomerate,  seen  at  the  Great  Palisades  and  on 
Portage  Bay  Island — probably  more  properly  a  part  of  No.  2. 

4.  The  quartzytes  and  slates  of  Grand  Portage  Bay,  and  east- 
ward to  the  termination  of  Pigeon  Point. 

5.  The  jasper.  Hint  and  iron-bearing  belt  of  Gunflint  lake  and 
Vermilion  lake,  and  of  the  Mesabi  range. 

6.  The  slates  and  shists  which  the  Canadian  geologists  particu- 
larly designate  Huronian. 

7.  The  eyenjtes,  granytes  and  other  rocks  that  have  been  classed 
as  Laurentian. 
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S.    The  igneous  rocks,  known  as  the  Cupriferous  Series. 

The  particular  and  local  details  of  stratigraphy  and  lithology 
will  be  given  in  the  final  report,  with  many  interestiug  descriptions 
of  scenic  geology.  A  few  general  statements,  which  seem  to  be 
warranted  by  the  obserrations  of  the  past  season,  will  be  added 
here  respecting  the  foregoing  formations,  though  liable  to  modifi- 
cations by  later  examination. 

While  Xo.  1  is  ia  contact  with  the  cupriferous  rocks,  and  inter- 
bedded  with  them,  at  Duluth  and  many  miles  northeastward, 
No.  2  is  in  contact  with  them  at  Baptism  river,  No.  3  at  6rand 
Portage,  and  Na  4  on  Pigeon  Point.  The  formations  Nos.  2  and 
3  (or  2  only,  in  th%  absence  of  3)  lie  probably  anconformably  on 
No.  4,  and  being  generally  soft  compared  with  the  others,  have 
permitted  the  excavation  of  bays,  such  as  Pigeon  Bay,  Wauswaug- 
oning  Bay,  Grand  Portage  Bay,  Deronda  Bay,  Cannon-ball  Bay,, 
Double  Bay,  Hoise-ehoe  Bay,  Good  Harbor  Bay,  and  the  bay  at 
Black  Point;  the  points  projecting  eastwardly  being  the  igneous 
dikes  or  overflows,  or  the  harder  parts  of  No.  i.  West  of  Black 
Point  the  coast  line  is  mainly  on  the  strike  of  the  lower  parts  of 
No.  1;  and  so  to  about  Little  Maraia,  where  it  begins  to  ascend  in 
the  beds  of  No,  1  to  Baptism  river,  where  the  order  is  reverBed  by 
an  outburst  of  the  underlying  Nos,  2  and  3  for  a  short  distance,  the 
hill-ranges  inland  here  also  approaching  the  coast.  Still  further 
west  the  coast  is  wholly  occupied  by  No,  1,  apparently  with  a  z^- 
zag  crossing  of  the  strike  as  the  line  of  upheaval  brought  the 
hills  nearer  the  coast  or  let  them  recede.  The  points  and  islands 
east  of  Grand  Portage  Bay  are  in  No.  4,  or  the  associated  igneous, 
rocks  of  No.  8, 

Nos.  4,  5,  6  and  7  are  probably  all  conformably  arranged  in  suo- 
cessioii,  at  least  they  have  been  so  seen  at  places.  Nos.  4  and  5  are 
closely  associated,  and  perhaps  the  latter  is  but  a  local  phase  of  the 
former,  while  Nos.  6  and  T  are  as  closely  related,  being  conformably 
interbedded  and  stratified.  No.  5  is  conformable  with  No.  6  in  the 
iron  district  along  the  B0atheaat«rn  side  of  Vermilion  lake.  There 
are  evidences  that  the  cupriferous  beds,  i.  e.  the  trap  rock  that  plays 
a  great  part  in  the  geology  of  the  entire  region.  Once  extended  over 
parts  of  No.  6,  and  it  now  lies  almost  everywhere  over  No.  4.  In- 
deed the  quartzyte  and  slates  of  No.  4,  with  the  overlying  sheets  of 
igneous  rock,  are  the  only  rocks  seen  in  situ  between  Pigeon  Point 
and  Gunfiint  lake.  Along  the  north  side  of  this  lake  No.  6  first 
appears  in  force  on  the  boundary  line.  Where  the  quartzyte  of 
Noa.  4  and  5  terminates,  westwardly,  the  cupriferous  series  also 
terminates.     It  was  only  on  some  of  the  islands  in  Vermilion  lake 
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that  there  were  evidences  of  the  former  eztenmon  of  the  igneous 
rock  over  No.  6,  in  the  second  metamorphism  of  some  of  the  talcose 
slates. 

The  hill-ranges  in  the  northern  part  of  the  State,  north  of  Lake 
Superior,  are,  in  general,  mono-clinals  sloping  toward  the  S,  S.  E. 
and  having  various  dip.  They  are  uniformly  (so  far  aa  yet  seen) 
capped  with  a  great  thickness  of  the  cupriferous  series,  and  are 
composed,  at  different  points,  of  strata  belonging  to  Nos.  1,  2,  3, 
and  4,  but  most  consptcaoualy  to  No,  4.  Their  ranges  are  not 
direct  and  systematic  but  there  seems  to  be  a  great  confusion  of 
short  mono-clinal  uplifts,  the  fractures  repeating  themselves  a 
great  many  times  in  the  same  formation.  Thus  a  vast  number  of 
faults  in  the  broken  strata  are  produced,  causing  veins  and  mineral 
deposits,  and  furnishing  a  key  to  the  mineral  explorer  in  searching 
.for  valuable  ores.  The  hills  formed  by  these  short  mono-clinals 
present  their  perpendicular  sides,  formed  by  the  breaking  of  the 
beds,  toward  the  northwest,  and  their  gradual  slopes  tovrard  the 
lake.  The  outline  uf  their  summits,  if  viewed  a  little  obliquely,  is 
exactly  expressed  by  the  name  that  has  been  given  them  at  one 
point  near  the  shore  of  Lake  Superior — Saw  Teeth  Mountains. 

The  Mesabi  Heights,  north  of  Lake  Superior,  are  composed  out- 
wardly of  drift  materials — at  least  wherever  they  were  examined — 
and  the  ridge  seems  to  be  a  glacial  moraine.  It  is  probable  that  its 
position  was  determined,  at  least  modiiied,  by  the  prior  existence 
of  a  rock  barrier  through  some  of  its  course,  if  not  through  the 
whole  of  it.  Indeed  toward  the  northeast,  where  it  crosses  the 
international  boundary,  the  mono-clinal  quartzyte  hills  and  ranges 
are  the  principal  features,  and  it  is  probable  that  the  strike  of  the 
quartzyte  lormation  (No.  4)  which  is  the  most  enduring  and  at  the 
same  time  the  most  conspicuous  of  the  tilted  formations  above  the 
Laurentian,  roughly  coincides  with  this  iiioraine- 

There  is  some  evidence  that  the  location  of  some  of  the  import- 
ant points  of  outflow  of  igneous  matter  was  along  the  north  and 
west  of  the  coast,  and  not  in  the  bed  of  Lake  Superior.  Some  of 
the  Canadian  geologists,  particularly  Mr.  Robert  Bell,  have  sup- 
posed that  the  original  volcanic  crater,  or  escape-point  of  igneous 
matter,  was  in  the  valley  of  Lake  Superior,  and  is  now  covered  by 
its  waters.*  Whatever  may  be  the  evidence  to  that  effect,  there 
are  also  evidences  of  a  movement  of  the  trap  toward  Lake  Superior. 
Large  mattses  of  feldspar  rock,  embraced  in  the  trap,  as  boulders  are 
embraced  in  the  hardpan  clay,  have  been  carried  from  Carlton's 
peak,  or  from  a  range  of  hills  south  and  west  of  it,  toward   the 

•GeolOKlcal  survey  of  Canada.   Report  of  isra-TS.  p.  105. 
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eaat  and  sontheaat.  These  embraced  pieces  become  smaller  in 
going  from  their  place  of  origin,  in  the  same  manner  as  fragments 
of  rock  acted  on  by  the  drift  forces. 

In  regard  to  the  mineralogy  and  Hthology  of  the  State  north  of 
Lake  Superior,  many  interesting  observations  and  collections  hare 
been  made,  but  it  would  not  Ife  profitable  nor  possible  to  effect 
their  elucidation  till  they  bare  been  studied  and  classified,  and 
antU  full  data  have  beeh  gathered  for  their  discussion. 

(b)  Economic  Geology. 

t^Umlnary  Beld-report  of  mining  and  mining  locations. 

Of  the  forgoing  formations,  as  No.  8,  is  known  as  the  cupriferous 
series,  or  copper-bearing  rocks,  bo  No.  6  might  be  conveniently 
designated  the  auriferous.  No.  5  the  ferriferous,  No.  4  the  argentif- 
erous. The  Cupriferous  rocks  i.  e.  the  trap,  overlies  nncooformabty 
Nos.  i,  5,  and  6,  and  is  interstratified  with  Nos.  1,  2,  and  3.  It 
becomes  specially  cupriferous  in  contact  with  Nos.  1,  2,  and  3. 
Not  an  instance  is  known  of  its  bearing  metallic  copper  when  over- 
lying Nos.  1,  5,  and  6,  within  the  limits  of  Minnesota. ' 


This  occurs  in  the  cupriferous  series  in  several  forms,  bat  par- 
ticularly as  native  metal.  This  has  been  reported  for  several  years, 
and  some  systematic  attempts  were  made  in  1863  and  1864,  by  the 
French  River  Mining  Company,*  to  carry  on  mining  for  copper  at 
French  river,  but  for  some  reason  the  working  ceased  in  1864,  and 
lias  not  been  resumed  again.  Metallic  copper  here  occurs  in  a 
mineral  that  seems  to  run  ia  irregular  veins  and  crevices  in  the 
trap,  and  consists  of  grayish-green,  or  gray  massive  prehnite.  resem- 
bling a  granular  quartzjte.  Pebbles  of  this  mineral  are  frequently 
picked  up  on  the  beach,  all  the  way  &om  two  miles  east  of  Lester 
river  to  French  river,  and  often  show  small  deposits  of  native  cop- 
per. This  fact  rather  indicates  thai  it  occurs  more  or  less  in  the , 
trap  of  the  region,  weathering  out  as  the  trap  goes  to  pieces.  At 
this  place  all  the  surface  indications  and  the  associated  minerals  are 
favorable  for  the  existence  of  copper  in  large  quantities  in  the  rock 
of  the  region,  which  extends  several  miles  along  the  shore. 

There  are  a  number  of  other  unimportant  openings  for  metallic 

copper.    Some  were  made  by  John  Mallmann  near  Duluth,  and 

here  is  in  heavy  beds   dipping  n.  10°  w.,  and  has    slicken-sided 

•A  full  aacount  of  then  i 
HlsCortcal  ScwIetT  tor  iWT, 


>perntloni  mar  be  seen  In  the  collectlaiii  ol  the  Hinneiota 
fir  Hon.  B.  U.  Rice. 
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others  near  Beaver  Bay,  and  Grand  Marais.  Of  the  latter,  that  of 
Johnson  and  Maguire  is  characteristic  of  the  manner  of  occurrence 
of  metallic  copper  in  the  trap  of  the  nt^on.  This  is  situated  oa 
Fall  river,  and  the  working,  done  in  the  summer  of  1876,  is  in  the 
valley  near  the  water,  nwi  Sec.  24,  T.  61n.  B.  Iw.  The  greenstooe 
seams,  or  thm  fillings  between  the  layers.  These  seams  contain 
what  appears  to  be  prochorite,  with  stilbite  and  small  quantities  of 
calcite  closely  intermixed.  Some  of  these  aeams  are  half  an  inch 
thick.  The  copper,  however,  does  not  occur  in  the  seams  or  veins, 
but  in  the  massive,  hard  greenstone,  in  thin  spangling  sheete,  once 
or  twice  the  thickness  of  paper,  or  even  a  quarter  of  an  inch  thick, 
which  sometimes  extend  over  two  or  three  square  inches,  though 
in  general  they  are  smaller  than  that. 

As  an  ore,  copper  has  been  sought  by  shafling  near  the  centre  of 
Sec.  16,  T.  60,  K.  2w.,  about  three  miles  west  of  the  month  of  Cas- 
cade  river.  Here  is  a  series  of  veins,  or  a  loose  network,  running 
in  various  directions,  but  in  the  main  w.  19°  n.  This  can  be  seen 
on  the  shore,  and  also  under  the  water  of  the  lake  for  some  distance. 
Some  veins  are  from  one  to  two  inches  wide,  and  others  nearly  six, 
the  aggregate  being  about  four  feet.  This  is  embraced  in  a  bedded 
trap,  which  is  frequently  veined,  and  parts  with  the  "  heulandite^' 
coatings,  so  named  by  Norwood.  It  crumbles,  on  weathering,  to  a 
coarse  grav.el  of  a  dirty  green  color.  It  has  also  haematitic  red 
spots  on  the  weathered  surface.  Lumps  of  ore,  styled  *'  gray  copper 
ore,"  have  been  taken  out  of  this  location,  indicating  a  vein  from 
two  to  four  inches  wide,  associated  with  much  laumontite,  and 
calcite  and  stilbite.  The  rock  also  contains  what  appears  to  be 
thomsonite.  The  sliait  that  has  been  sunk  was  filled  with  water 
when  visited,  and  no  examination  below  about  ten  feet,  could  be 
made.  Similar  veins  carrying  "gray  copper,"  cross  Pigeon  Point 
peninsula,  and  appear  on  some  of  the  islands  south  of  the  mainland. 
These  are  owned  by  James  Caldwell  and  others,  and  but  very  little 
examination  has  been  made,  calculated  to  test  their  value. 


The  great  ai^ntiferous  formation,  or  gray  quartzyte  (No.  4), 
enters  the  State  &om  the  British  Possessions  vrith  a  width,  along 
the  boundary  line,  extending  from  the  Lake  Superior  shore  to  the 
vrest  end  of  Guufiint  lake.  There  have  been  a  great  many  mining 
locations  made  in  the  area  of  this  belt  of  rock,  the  greater  number 
by  far  being  for  silver.  The  silver  occurs  in  veins,  or  leads,  gener- 
ally of  quartz  with  varying  quantities  of  calcite,  fluorite  and  barite. 
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In  some  of  these  veins  is  a.  curious  gangue-rock  of  brecciated 
qaartzyte  firmly  cemeDted  hj  the  mineralB  that  accompuiy  the 
Teio;  and  m  this  citse  the  veins  are  themselves  largely  made  of 
this  breccia,  and  differ  less  in  outward  characters  from  the  qaart- 
zyte  formation  in  which  they  occur.  They  are  sometimes  twenty 
or  more  feet  in  width.  These  veins,  or  leads,  of  miueral-bearing 
quartz  occur  when  the  formatioQ  has  been  fractured;  and  as  the 
whole  country  consists  of  a  succession  of  sharp  mono-clinals  in 
this  rock,  the  veins  are  found  to  lie  alongside  of  the  broken  off 
layers,  follovring  the  faults  that  now  are  in  the  valleys.  Hence 
they  are  frequently  overlooked,  being  hid  by  the  fallen  debris  or  by 
the  scanty  foreign  drift.  Occasionally  a  fault  is  apparent  iu  higher 
levels,  and  such  veins  have  been  first  discovered  and  "claimed."  In 
general  they  have  an  eaat-and-west  course,  etcept  when  some  irreg- 
ularity of  direction  accompanied  the  uplift.  The  silver  of  these 
veins  is  in  the  form  of  argentiferous  galenite  and  as  native  silver, 
and  some  very  rich  deposits  have  been  discovered. 

In  Minnesota,  less  mining  has  been  done  in  this  formation  than 
in  British  territory,-  not  because  of  less  favorable  indications,  but 
because  of  the  greater  ease  in  making  permaneat  claims  and  secu- 
ring titles  to  land  under  Canadian  laws  than  under  those  of  the 
United  States. 

In  the  following  account,  some  of  the  principal  mining  locations 
visited  the  past  season  are  mentioned.  There  are  a  great  many 
other  veins,  and  also  some  other  mining  works,  that  the  writer  has 
not  seen,  because  they  are  less  accessible,  or  were  unknown  at  the 
time  the  field-work  was  going  on,  and  the  plan  for  the  time  being 
did  not  admit  of  visiting  them. 

A  wide  vein  of  calcite  and  quartz,  the  latter  being  sometimes 
amethystine,  occurs  on  the  swi  Sec.  32,  T.64,  R.  7e.  Thb  location 
is  now  owufd  by  Caldwell,  Dunn,  Lightbody,  Farrel  &  Waketin. 
The  vein  runs  N.  &  S.,  and  in  1874  was  jvorked  by  A.  A.  Parker, 
who  made  several  shallow  openings,  (6  to  10  feet)  on  it.  It  under^ 
lies  toward  the  west  superficially,  and  passes  between  joints  in  the 
quartzyte  (which  in  spots  is  argillacious  and  slaty)  having  a  width 
varying  from  one  to  five  feet.  It  also  embraces  pieces  of  quartzyte. 
This  vein  is  said  to  carry  argentiferous  galena,  but  very  little  could 
be  seen  in  the  pieces  thrown  out.  The  working,  however,  has  not 
been  adequate  to  properly  test  the  character  of  the  vein. 

West  of  the  foregoing  about  twenty  rods,  is  another  vein  show- 
ing about  a  toot  wide,  thought  to  be  a  branch  &om  the  former.  In 
this  vein,  on  which  no  working  has  been  done,  croppings  show 
heavy  spar,  calcite,  carbonate  of  copper,  and  amethystine  quartz, 
the  bulk  being  heavy  spar;  runs  N.  20*'  W. 
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About  an  equal  distance  east  of  the  main  (K.  and  S.)  vein,  is 
another  vein,  which  shows  about  eight  inches  in  width  near  the 
water  level,  but  becomes  indistinct,  with  included  black  quartzyte, 
and  widens  to  two  or  three  feet  a  rod  or  two  from  the  coast.  It 
sometimes  appears  wholly  inTolred  or  lost  in  the  formation,  without 
calcite.  This  has  not  been  worked,  and  is  owned  by  the  same 
parties.  These  three  are  thought  to  be  parts  of  the  same  vein,  and 
they  probably  are.  Their  direction  is  not  in  harmony  with  the 
direction  of  most  of  the  veins  examined  further  ^m  Lake  Superior, 
being  rather  transverse  to  the  prevailing  direction  of  the  system  of 
faults  so  conspicuous  in  the  quartzyte,  than  coincident  with  it. 

The  last  vein  mentioned  above  seems  to  pass  under  the  water 
southward,  and  to  reappear  on  the  south  side  of  Susie  Island, 
where  several  similar  veins,  €ve  in  number,  can  be  seen,  running  in 
about  the  same  direction.  The  most  of  these  show  no  spar,  but 
generally  only  a  dark  gangue-rock  resembling  a  basaltic  quartzyte, 
or  a  quartz  breccia.  That,  however,  which  is  supposed  to  be  a 
continuation  of  another  from  the  main  land  is  three  feet  wide,  and 
shows  heavy  spar  near  the  water,  and  contains  copper  ore  in  the 
form  of  bomite  and  chalcopyrite,  and  also  (argentiferous}  galena. 

About  i  mile  west  of  the  last  is  a  fine  spar  vein  running  in  the 
direction  of  the  island,  nearly  east  and  west,  visible  under  the 
water  near  the  shore  eight  inches  wide  and  extending  about  25  feet. 
It  pinches  out  in  both  directions. 

Baker  and  Kindred's  location  on  Pigeon  Point  is  about  three- 
quarters  of  a  mile  east  of  th  e  point  that  encloses  Clark's  bay,  near 
the  south  shore  of  the  peninsula.  Here  a  shaft  was  sunk  in  the 
winter  of  1877-8  by  Mr.  McPherson  for  the  owners,  but  on  strik- 
ing water  in  about  twenty  feet,  and  being  without  facilities  for 
pumping,  the  work  was  not  then  prosecuted  further,  and  has  not 
been  resumed  since.  The  shaft  was  sunk  where  two  large  veins 
cross  each  other,  one  of  tljpse  veins  (a)  is  9  to  10  feet  wide,  runs 
east  15°  south  and  the  other  (b)  is  5  feet  wide  and  runs  south  10° 
east.  Yein  (a)  is  discontinued  at  the  shaft,  or  continues  a  few  feet 
as  a  closely  jointed  irony  rock  which  was  probably  once  chained 
with  pyrites,  and  then  is  lost  in  the  country  rock;  but  a  natural 
trench  marks  its  course  for  several  rods  further  west.  It  may 
reappear  further  on,  but  though  the  surface  had  been  lately  burned 
over,  consuming  even  the  vegetable  mold  of  which  the  soil  princi- 
pally consists,  no  spar  could  be  seen.  The  shaft  principally  die- 
cioses  this  vein,  but  is  located  a  little  too  far  east  to  show  the  con- 
tents of  vein  (b).  The  minerals  thrown  out  ore  calcite,  barite  and 
amethyst,  with  the  ores  pyrite,  sphalerite,  galenite  and  chalcopyrite. 
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These  are  visible.  Others  might  be  seen  on  having  more  favorable 
opportunities.  No  ore  of  any^kind  lies  about  the  shaft,'but  small 
crystals  and  masses  of  the.<ie  ores  are  scattered  in  the  spar.  There 
is  also  considerable  pyrite  and  chalcopyrite  connected  with  the 
lenticular  masses,  or  "horses,"  of  compact,  hard,  geenish  rock  that 
are  enclosed  in  the  spar.  Vein  (b)  can  be  traced  by  the  protrud- 
ing spar  (barite)  a  few  rods  beyond  the  shaft,  but  then  is  lost  to 
sight.  The  spar  of  vein  (b)  is  more  firm  than  that  ot  (a),  and 
more  siliceous,  It  also  embraces  a  different  rock  in  irregular 
masses.  There  is  a  similar  trench  extending  beyond  the  shaft  in 
the  direction  of  this  vein,  and  even  across  the  axis  of  the  peninsula, 
though  this  is  interrupted.  Two  similar  heavy  spar  veias  appear 
on  the  coast  on  the  opposite  side  of  the  peninsula  in  Pigeon  bay, 
which  are  without  much  doubt  in  the  extension  of  these  veins, 
though  their  direction  is  not  exactly  the  same. 

The  tests  that  have  been  made  of  these  heavy  .spar  veins  have 
been  insufficient,  and  especially  so  by  the  fact  that  the  shaft  sunk 
by  the  owners  did  not  open  vein  (b)  at  all. 

The  White  Base  vein,  known  aiso  as  the  Kindred  vein,  is.  about 
3i  miles  north  of  the  international  boundary,  at  the  east  end  of 
the  tirst  lake  west  of  Mountain  lake.  On  this  have  been  sunk 
several  shafts.  Kindred's  shaft  is  37  feet  deep,  and  the  gaiigue 
minerals  are  calcite  and  quartz,  the  greater  portion  being  calcite. 
These  are  mixed  in  irregular  small  veins  and  meshes  through  the 
quartzyte  and  slate  of  the  country;  the  "vein"  consisting  of  a 
hrecciat«d  and  re-cemented  fracture  through  the  formation,  and 
the  cament  being  the  minerals  above,  accompanied  by  galenite, 
native  silver  and  pyrite.  There  is  also  in  the  calcite  alongside  of 
the  blacker  parts  of  the  slate  a  copper-colored  mineral  in  small 
hexagonal  plates.  It  is  brittle,  and  is  said  to  fuse  easily  to  a  brittle 
globule.  The  best  assay  from  this  sbatt  is  said  to  have  got  $1,100 
per  ton,  but  the  ore  has  not  been  assayed  by  the  survey.  i 

Baker's  shaft,  which  is  on  the  same  lead,  about  half  a  mile  far- 
ther west,  is  26  feet  deep.  The  vein  here  is  conspicaously  exposed 
on  the  face  of  a  low  bluff,  facing  SW.  and  is  about  9  feet  wide,  with 
a  "  pay  streak"  increasing  irom  six  inches  at  the  top  to  about  3^fl. 
at  the  bottom.  The  shaft  goes  partly  in  the  slate,  and  then  crosses 
the  veio,  which  ''hades"  to  the  northeast.  There  is  trap  on  the 
north  side  and  slate  on  the  south  side,  and  trap  rock  is  somewhat 
mixed  with  the  vein  also.  The  same  minerals  appear  here  as 
already  named  for  the  Kindred  shaft.  The  best  assay  is  said  to  have 
given  $272  per  ton:  ?16.60  per  ton  being  got  from  poor  quartz  on 
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the  north  side  of  the  vein,  in  which  no  ore  could  be  seen  with  the 
naked  eye:  / 

The  vein  itself  goea  generally  along  the  line  of  contact  of  slate 
(south  side)  with  trap,  but  sometimes  is  wholly  within  the  slate, 
and  sometimes  partly  within  the  trap.  The  fracture,  which  seems 
to  have  been  of  the  date  of  some  subsequent  igneous  upheaval  (as 
shown  by  the  veined  condition  of  the  trap  of  the  country),  branched 
off,  and  also  went  somewhat  zigzag  in  some  places.  It  crosses 
Arrow  lake,  and  can  be  seen  on  the  other  side  as  a  conspicuous 
white  belt  on  the  bluffs,  on  that  side  crossing  the  slate  and  trap. 
In  some  places  it  is  mostly  of  quartz,  and  there  stands  out  above 
the  surface. 

On  this  vein  are  different  parties  located  somewhat  in  the  follow- 
ing order  viz: 

(a)  West  of  the  Kindred  Brothers'  location. 

1.  J.  H.  Baker,  associated  with  Munger,  Swan  and  others. 

2.  An  eastern  company. 

3.  Stewart,  Sabin,  Graves,  Herman,  Marhell,  Burg,  Lightbody 
and  Caldwell. 

4.  Geo.  C.  Stone  &  Co.,  Johnson,  McEinley  &  McGnire. 

Dr.  Smith  and Egan  are  also  interested  in  some  of  these 

locations. 

(b)  East  of  the  Kindred  Brothers'  location. 

1.  Hamilton,  Sabin, 

2.  Dr.  Stewart,  McPherson, 

3.  Markell. 

4.  Col.  Graves,  Yon  Brunt. 

5.  Lightbody. 

6.  Caldwell. 

William  P.  Spalding  has  a  mining  location  on  the  south  side 
of  lake  Miranda,  which  is  a  narrow  long  lake  next  north  of  lake 
Fanny,  and  on  Sec.  6,  T.  64,  2  E.  This  vein  is  strong,  but  not 
well  defined.  His  work  consists  of  several  shallow  pits  for  the 
purpose  of  ascertaining  more  definitely  the  position,  direction  and 
dip  of  the  vein.  What  can  be  seen  of  it  consists  largely  of  breccia 
of  trap,  or  of  quartzyte  recemented  with  quartz,  in  small,  often 
drusy  crystals.  It  is  six  or  eight  feet  wide,  and  occurs,  like  others, 
along  the  north  side  of  a  quartzyte  mono-clinal,  and  is  largely  hid 
by  the  talus  materials.  Mr.  Spalding  says  he  has  taken  out  several 
pieces  of  native  silver,  but  none  was  seen  in  the  firogments  thrown 
out. 

On  the  other  slope  of  this  mono-clinal,  south  of  the  above,  is 
another  fractare,  which  seems  likewise  to  have  taken  the  nature  of 
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a  Tein,  Some  working  on  this  slope  disclosed  the  existence  of  the 
fracture,  and  lai^e  float  pieces  of  vein  material  indicate  the  contents, 
bat  the  work  had  not  gone  far  enough  to  precisely  define  its  loca- 
tion and  extent. 

Mr.  Spalding's  "Ancient  Biggin^,"  so-called,  consist  of  a  series 
of  depressions  running  along  the  supposed  position  of  the  first  vein 
above  mentioned,  so  as  to  make  in  some  places  a  continuous  trench. 
In  some  parts  there  are  two  ridges,  with  an  irregular  depressioa 
between  them  somewhat  semi-lnnar  so  that  it  unites  again  with 
the  main  depression.  One  of  these  ridges,  that  nearest  lake 
Miranda,  consists  of  clay  and  angular  pieces  of  qnartzyte;  like 
talus  debris,  largely  decomposed,  but  the  other  is  of  angular  blocks, 
and  Mr.  Spalding  says  contains  vein  material,  as  if  thrown  out  of 
the  depression  in  excavating  on  the  vein.  These  depressions  show 
some  openings  within,  between  large  boulders,  and  nearly  large 
enough  to  admit  a  man,  and  after  clearing  out  a  little  one  was  fol- 
lowed downward  some  feet  As  yet  no  ancient  hammers  or  imple- 
ments of  any  kind  have  been  found  in  the  vicinity. 

As  to  the  cause  of  the  depressions  and  parallel  ridges,  there  may 
be  three  difierent  explanations.  Sufficient  data  are  not  at  hand  for 
affirming  either. 

Firat.  They  may  be  due  to  ancient  mining,  as  supposed  by  the 
owner,  though  the  non-discovery  of  hammers  is  necessary  for  the 
demonstration  of  this  hypothesU,  It  is  also  trae  that  the  ancient 
mining  hitherto  discovered  in  the  Lake  Superior  regions  has  been 
w;holly  for  native  copper,  of  which  implements  have  been  found 
in  ancient  works  as  far  south  as  the  state  of  Georgia,  but  so  far  aa 
known,  no  silver  implements  have  been  found  having  so  old  a  date; 
and  the  ancients  seem  to  have  had  no  knowledge  of  any  process  for 
reducing  the  ores,  the  silver  in  this  formation  occurrijig  mainly  as 
ai^entiferons  galena. 

Second — The  depressions  maybe  due  to  the  solution  and  removal 
of  the  contents  of  a  targe  vein  under  natural  processes,  and  the 
consequent  settling  of  the  surface.  When  two  depressions  run 
nearly  parallel  in  that  case,  the  vein  may  branch  out  and  become 
double,  uniting  again  when  the  depressions  unite.  Then,  also, 
the  upper  ridge,  neared  the  bluff,  would  naturally  contain 
coarser  peicea  than  that  nearer  the  lake,  which  is  true.  Veins  are 
thus  dissolved  sometimes,  and  sunken  in  for  some  distance,  as  the 
large  baryta  vein  on  Pigeon  Point.  Thia  canse,  if  true,  indicates  a 
strong  vein,  and  one  that,  with  the  quartz  now  remaining  as  the  sole 
matter  undissolved,  must  be  charged  with  soluble  minerals,  and 
perhaps  with  veiy  valuable  ores.    Deep  shafting  alone  will  deter- 
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mine  it.  So  far  as  exposed,  however,  the  quartz  remaining  now 
undissolved  is  sufficient  to  form  a  firm  frame-work,  capable  of  sup- 
porting the  overlying  materials  so  as  to  prevent  auch  a  collapse  of 
the  surface  as  here  supposed. 

Third — These  ridges  may  be  of  the  nature  of  ice  ridges  or  mo- 
raines. There  are  a  great  many  instances  of  ridges  thrown  up  by 
the  ice  of  lakes  through  alternate  Ireezing  aud  thawing  both  in 
Minnesota  and  Iowa,  and  sometimes  such  have  received  the  nanie 
of  "walled  lakes."  But  aside  from  this,  the  ice  of  the  last  ice 
period  may  have  lain  for  a  long  time  prior  to  its  final  disappt^ring, 
in  the  rocky  valleys  of  the  northern  part  of  the  State,  as  suggested 
by  Mr.  John  Lightbody.  Its  effect,  along  a  rocky  blufi,  would  be 
to  form  low,  blind  ridges  of  debris  or  morainic  material,  which 
wonld  remain  more  or  less  distinct  to  the  present  under  favorable 
conditions.  In  that  case  the  coar^r  nature  of  the  ridge  nearer  the 
bluff  would  be  due  to  the  fallen  pieces  from  the  blnff  itself,  while 
the  clay  of  the  ridge  nearer  the  lake  may  have  been  due  to  drain- 
age in  that  direction  and  to  the  crushing  action  of  tne  ice  in  times 
of  expansion.  The  level  of  the  ice  would  remain  nearly  constant 
under  the  same  causes  which  now  keep  the  level  of  the  water 
nearly  constant. 

These  considerations  are  here  mentioned,  as  there  seems  to  be  a 
tendency  at  other  places  in  the  northern  part  of  the  State  t©  attri- 
bute auch  phenomena  to  ancient  mining,  perhaps  without  sufficient 

John  McFarland's  location  is  on  Sees.  9  and  10  T.  64  N.  R.  3  E. 
He  has  two  veins,  and  one  place  thought  to  be  a  site  of  ancient 
mining,  in  all  respects  similar  to  that  of  Mr.  Spalding,  except  that 
this  series  of  ridges  and  depressions  is  not  near  any  lake  at  present, 
but  alongside  a  bluff  enclosed  in  a  valley.  If  a  vein  should  be  dis- 
covered at  this  locality,  then  Mr.  McForland  has  three  distinct  veins 
situated  on  different  sides  of  a  mono-chinal  hill,  viz.:  one  on  the 
north  side,  one  on  the  south  side  and  one  on  the  east  side,  the  last 
beino;  that  in  which  are  the  supposed  ancient  diggings.  These  are 
all  close  together,  and  the  east  and  west  veins  are  all  well  marked, 
running  also  across  the  adjoining  valleys  and  appearing  in  the 
next  hills.  They  are  outwardly  of  quartz  andbrecciatedquartzyte, 
and  occupy  faults  between  the  slate  and  the  trap  of  the  country. 
Mr.  McFarland  has  done  no  work  on  hia  veins,  but  is  occupied  in 
farming  and  fur-catching. 

Johnson's  working  is  on  a  vein  situated,  as  nearly  as  could  be 
ascertained,  on  SE  i,  Sec.  32,  T,  65,  3  E.  This  is  also  on  the  south 
slope  of  a  hill,  but  has  trap  on  the  north  side  and  slate  on  the 
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soath  aide,  being  really  in  a  fault  like  the  rest ;  but  the  alate  is  here 
broQght  ap  like  the  south  vein  at  Spalding's,  on  a  line  nearly  par- 
allel with  the  upper  surface  of  the  trap.  This  Teiii  shows  mainly 
calcite,  but  has  also  quartz  pyrite,  galenite,  and  native  silver.  These 
can  be  seen  in  the  dump  near  the  shad.  There  is  bIko,  as  in  nearly 
all  the  other  veins  seen,  a  large  amount  of  brecciated  quartzyte  and 
siliceous  alate.  This  is  here  mainly  on  the  south  aide  of  the  vein, 
while  the  north  side  is  in  a  similar  manner  filled  with  breccia  of 
trap.  This  appears  to  be  a  strong  vein,  and  one  that  promises  well. 
McFarland,  Rice  and  Ramsey  have  a  very  conspicuous  and  strong 
vein  near  the  shore  of  Pine  Lake,  on  S.  E.  quarter  sec.  31,  T,  65  N., 
R.  1  G.  This  baa  not  been  worked,  but  slightly  uncovered  in  two 
places.  It  has  an  irregular  direction,  width  and  appearance,  large 
white  ma<s8es  of  calcite  and  quartz  lying  about  promiscuously,  ap- 
parently in  place,  over  a  width  of  several  rods  north  and  south. 
Where  it  has  been  uncovered  it  is  alao  mixed  vrith  a  breccia  of 
quartzyte,  and  ba»  a  width  of  ten  or  twelve  ieet.  It  seems  to  have 
trap  on  the  north  side,  but  it  is  not  well  exposed.  A  trap  bluff 
rises  abruptly  toward  the  northwest,  facing  eaat  and  south,  and  the 
vein  is  in  a  lower  level,  having  a  zigzag  course,  governed,  appar- 
ently, in  direction  and  deflected  by  that  upheaved  trap  and  slate 
along  it-t  western  extent,  ao  lar  aa  it  is  visible;  but  further  east  it 
has  a  more  uniform  course  in  consonance  with  the  general  trend  of 
the  hills,  yet  this,  like  Spalding's  second  and  one  of  McFarland's, 
is  on  the  southward  slope  of  the  main  hillside.  The  calcite  and 
quartz,  not  mentioning  the  breccia,  are  the  most  abundant  gangue- 
rock.  The  ores  are  pyrites  (said  to  be  auriferous)  galenite,  sphal- 
erite and  chalcopyrite.  These,  with  the  exception  of  the  galenite, 
can  be  made  out  in  examining  the  pieci^  in  the  dump.  This  seems 
to  be  as  strong  and  promising  a  vein  as  the  White  Rose,  near 
Arrow  Lake. 


The  gray  quartzyte  and  slate,  which  is  particularly  known  as 
the  silrer-beariag  formation,  and  contains  the  foregoing  silver  veins 
and  mining  works,  graduates  below  into  a  siliceous  iron-charged 
rock,  which  in  some  places  furnishes  a  valuable  iron  ore  in  large 
qaantities.  The  silica  is  often  colored  so  as  to  make  jasper,  flint, 
chalcedony,  and  other  parti-colored  pebbles  when  the  formation 
disintegrates.  These  gave  name  to  Gundint  Lake,  on  the  interna- 
tional boundary,  the  beach  of  which  is  strewn  with  them.  There 
are  also  "dolomitic"  bands,  and  these  sometimes  contain  angular 
pieces  of  jasper  and  flint,  associated  with  the  same  beds  in  some 
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r  not  yet  made  out.  What  may  be  the  thickoess  of  this  bed 
of  iron  ore  rocks  b&s  not  been  ascertained.  They  aeem  to  be  con- 
formable both  with  the  overlying  quartzyte,  and  with  the  underly- 
ing schists  and  slates,  hut  this  may  not  generally  be  the  case. 
There  are  Tarious  places  at  which  this  belt  of  iron  ore  is  known, 
but  the  most  important  is  that  known  aa  the  "Mesabi  Iron  Range," 
situated  in  towns  59  and  60  N,  of  range  li  W.  The  range  itself 
probably  extends  a  great  many  miles,  maintaining  its  ferriferous 
character,  and  covers  other  known  locations.  Some  working  has 
been  done  also  back  of  Grand  Marais,  and  some  near  Vermillion 
Lake, 

The  iron  in  towns  59  and  60,  range  14,  has  attracted  the  most 
attention,  probably  because  of  a  costly  exploration  made  there  a 
few  years  since  by  parties  &om  Fotteville,  Fenn.  The  ownership 
of  the  locations  that  were  examined  becoming  inroWed  in  litigation 
nothing  practical  has  resulted  publicly  from  the  examinations.  The 
information  obtained  belongs  to  private  parties.  Samples  of  this  ore 
are  being  examined  chemically  by  thesurvey.  According  to  published 
analyses  the  ore  varies  in  metallic  iron  &om  61  to  66  per  cent.,  being 
mainly  in  the  form  of  magnetic  oxide.  Its  chief  impurity  is 
silica,  from  5  to  10  per  cent.  It  has  from  2  to  3  per  cent,  of  lime, 
and  from  a  half  of  1  per  cent,  to  1}  per  cent,  of  magnesia.  Man- 
ganese cvxide  varies  from  about  one-half  of  1  per  cent  to  1.3  per 
cent.  No  sulphur  has  been  detected  in  it,  and  but  a  trace  0^^ 
than  one-fourth  of  1  per  cent.)  of  phosphoric  acid.  Alumina  varies 
from  one-fourth  of  1  per  cent,  to  over  one-half  of  1  per  cent. 

The  following  is  an  analysis  by  Prof.  Campbell,  of  the  School  of 
Mines,  of  New  York: 

Magnetic  odde  of  iron 86.863 

Oxide  ot  manganese 1.313 

Silica ". 9.980 

Lime 2.046 

Hagneeia 1.299 

Alumina. .633 

Total 102.133 
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The  following  was  made  by  Prof.  E.  K.  Taylor,  of  the  GleTeland 
Laborfttoi;  of  Analytical  Chemistry,  Cleveland,  0.: 

Inmliible  Biliceoiu  matter 4.06 

Iron  u  metal  65.62 

Iron  protoxide  23.84 

Snlphiuic  add None. 

HuMphonc  acid 18 

lime 8.15 

Masnesia .' £0 

Uanganeee  oxide U 

iHniHiHa..  ,,,,,,,.,,,.,.,,.,   ...............    ,,. .35 

Total 97.84 

The  ore  resembles  those  of  Scandinavia  and  Itussia,  as  well  as  the 
magnetic  ores  of  northern  Michigan,  and  the  geological  age  is  the 
same,  in  general  terms.  FormakingHteel  these  ores  excel,  andiron 
from  the  Scandinavian  furnaces  ia  imported  into  England  for  the 
manufacture  of  steel.  It  is  highly  probable  that  these  iron  deposits 
will  not  lie  long  undeveloped.  They  are  in  the  midst  of  hardwood 
timber  sufBeient  for  producing  the  necessary  charcoal,  and  the  sur- 
rounding country  is  generally  fit  for  prosperous  farming.  They 
are  easily  accessible  by  the  construction  of  roads  either  from  Thom- 
son, Duluth  or  Beaver  Bay.  From  Thomson  the  distance  is  about 
€5  miles,  from  Duluth  due  north  about  55  miles,  and  from  Beaver 
Bay  about  45  miles. 

GOLD. 

The  region  of  Vermilion  Lake  has  been  known  for  some  years  as 
•  gold-beaiing  region.  This  was  fully  brought  out  by  the  reports 
of  H.  H.  Eames  in  1866.  At  that  time  a  flush  of  feverish  excite- 
ment led  to  the  expenditure  of  considerable  money  in  sinkinE  shafts 
and  erecting  works  for  mining.  Three  steam  stamp  mills  were 
erected,  another  running  by  water  power.  One  was  owned  by  the 
New  York  Mining  Company,  whose  location  was  near  the  "Mis- 
sion" on  the  sonth  shore,  another  by  Nobles  &  Company,  further 
northwest,  and  another  by  Seymour  &  Company.  The  water  power 
mill  was  owned  by  the  Wabasha  Company,  and  was  located  about 
two  miles  from  Vermilion  Lake,  at  Trout  Lake.  Eight  or  ten  min- 
ing companies  were  at  work  simultaneously  in  different  parts, 
mainly  on  the  southern  shores,  or  on  islands,  A  town  site  was  laid 
ont  at  the  southern  extremity  of  the  Lake,  several  large  buildings 
put  up,  and  stated  communication  made  with  Duluth.  The  village 
was  named  Winston,    Above  the  village,  at  Pickerel  Falls,  a  lum- 
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ber  mill  was  projected,  and  the  foundations  laid.  These  things 
have  all  paased  away.  There  ia  not  a  building  at  Winston.  Two 
of  the  steam  boilers  were  hauled  back  to  Duluth,  where  they  &re 
still  in  use;  the  mills  have  been  burnt,  as  well  aa  most  of  the  build- 
ings put  up  by  the  mining  companies,  the  shafta,  generally  filled 
with  water,  are  abandoned,  and  there  is  but  a  single  white  man  (a 
government  o£Scer)  to  be  found  in  the  whole  district 

The  gold  occurs  with  pyrites,  some  of  which  appears  to  be 
cupriferous.  Tliis  pyrites  is  lound  in  milky  white  quartz  *rhich 
accompanies  the  joints  of  the  rock,  and  also  is  disseminated 
through  the  rock  itself  The  most  of  the  working  was  done  on 
quartz  deposits,  bat  that  of  Nobles  &  Company  embraced  also  a 
large  amount  of  the  rock  itself.  The  rock  of  the  region  is  of  the 
Huronian  age,  and  follows  immediately  below  the  ferriferous  for- 
mation last  described.  It  is  mainly  a  talcose  slate,  but  varies  to  an 
argillaceous  taJcose  slate  and  to  a  talcose  quartzyte.  It  also  passes 
into  what  may  be  styled  provisionally  a  syenite.  The  schistose 
structure  runs  a  little  north  of  west,  and  stands  almost  perpendic- 
ular. Samples  of  this  quartz  ore  yielded  on  an  average  about 
twenty-five  dollars  per  ton,  according  to  assays  reported  by  Mr. 
Eames.  Samples  of  the  ores  of  this  region  have  been  collected  by 
the  surrey,  as  well  as  of  all  other  mining  locations  mentioned,  and 
in  time  thep  will  receive  analysis  and  further  report. 

THB  NZEDS  OF  THE  NORTH  SHORE. 

First — During  the  season  all  parties  connected  with  the  survey 
have  had  occasion  to  note  the  frequent  and  wanton  destruction  of 
the  native  forests  by  fire  which  rages  annually  and  destructively. 
There  is  nothing  so  utterly  ruined  and  desolate  as  a  country  lately 
burnt  over.  The  soil  itself,  consisting  very  largely  of  vegetable 
mold,  is  burnt  to  considerable  depth,  or  quite  to  the  rock.  Thou* 
dands  of  acres  of  the  finest  forest  timber,  including  large  pine 
trees,  are  thus  destroyed  every  year.  It  is  estimated  that  annually 
ten  times  as  much  pine  is  thus  destroyed  in  the  State  as  is  cut  by 
all  the  mills.  A  large  part  of  the  triangle  north  of  Lake  Superior 
has  thus  been  devastated.  Some  sheltered  tracte  have  escaped. 
The  State  has  lost  in  this  way  more  than  as  much  pine  as  now 
remains,  and  will  at  no  very  distant  day  awake  to  the  fact  of  hav- 
ing lost  by  neglect,  and  willful  or  careless  destruction,  oue  of  her 
chief  resources.  These  fires  are  set  generally  by  travelers  or  explore 
ers.  The  Indians  remonstrate,  and  are  generally  careful  about 
-iheir  camp-fires  in  the  dry  season,  well  knowing  the  effect  fire  has 
the  game  that  furnishes  their  chief  sustenance. 
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The  scattered  white  inhabitants  are  too  few  to  effect  anything  in 
stopping  these  fires,  except  in  the  preservation  of  their  immediate 
surroundings,  and  they  aho  complain  that  the  country  ia  thus  being 
rapidly  desolated.  It  rests  with  the  State  Legislature  to  take  some 
action  to  punish  those  who  wantonly  or  carelessly  set  the  forests 
on  fire,  similar  to  that  to  punish  those  who  fire  the  prairies.  If 
concerted  action  were  taken  by  the  State  and  the  Canadian  author- 
ities it  wonld  be  more  effectual,  since  fires  originate  on  both  sides 
of  the  boundary  line. 

Second — There  should  be  some  improved  harbor  on  the  north 
shore  for  refuge  for  vessels  in  time  of  storms,  although  there  may 
not  be  commerce  to  demand  it  at  any  one  locality.  At  the  present 
time  there  is  no  lighted  harbor  for  vessels  between  Duluth  and  ■ 
Thunder  Bay  in  Canadian  Territory,  and  between  these  points 
there  is  a  great  deal  of  travel.  The  e3tab\ishment  of  a  single  good 
harbor  would  at  once  attract  travel,  trade  and  settlement,  and 
would  tend  to  the  development  of  some  of  the  mineral  interests 
that  now  lie  dormant  largely  because  so  inaccessible. 

Third — There  is  a  wrong  opinion  prevalent  regarding  the  agri- 
cultural character  of  the  northeastern  part  of  the  State.  It  is  pro- 
nounced by  some  who  have  not  seen  it,  as  mountainous,  sterile  and 
untillable.  These  terms  apply  to  but  a  small  portion  of  it,  viz.:  a 
belt  from  one  to  four  miles  wide  along  the  shore  of  Lake  Superior, 
and  a  tract  of  unknowd  area  in  the  extreme  northeastern  corner, 
and  along  the  boundary  line  westward  to  Vermilion  Lake  and  the 
west  end  of  Hunter's  Island.  In  these  parts  the  rock  of  the  coun- 
try is  perhaps  the  most  conspicuous  feature.  But  south  of  the 
Mesabi  range,  and  particularly  in  the  St.  Louis  valley,  the  country 
is  generally  fiat,  the  streams  are  slow  and  broad,  the  soil  a  loam  or 
a  sandy  loam,  or  a  stony  clay,  and  equal  in  all  respects,  except  in 
being  farther  north,  to  thousands  of  acres  that  have  been  cleared 
and  converted  into  valuable  farms  in  the  states  of  Michigan  and 
Wisconsin.  When  it  is  remembered  that  more  than  a  hundred 
miles  further  north,  in  Canada,  railroads,  canals  and  settlement  are 
rapidly  being  introduced,  and  that  still  further  north  and  west,  be- 
yond the  ameliorating  action  of  the  water  of  Lake  Superior,  is 
thought  to  be  one  of  the  great  wheat  fields  of  the  Continent,  it  is 
plain  that  there  is  nothing  to  prevent  the  final  occupancy  and  de- 
velopment of  northeastern  Minnesota  as  an  agricultural  district. 
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III. 

FIELD  REPORT  OF  C.  W.  HALL. 


Pro^.  N.  H.  Winehttt,  ShUt  Geologitt; 

Sot — In  accordance  with  the  plan  arnuured  b;  yon  for  the  prosecution  of  tile 
State  geological  Sorve;  dnrinK  Uie  past,  autamn,  tha  IdJke  SuperiM  lection  ii 
the  geological  corps  reached  Grand  Harais  Aiigoat  30.  The  work  of  this  section 
was  to  be  tiie  explontion,  w  for  a«  practicable,  of  the  riven  emptying  into  Lake 
Supetior,  from  the  lake  shore  to  Uteir  headwaters;  and  the  ascent  of  some  of  the 
more  prominent  peaks  of  that  continnons  chiun  of  low  mountaina  skirting  the 
norOieast  shore.  The  chief  olgect  of  this  work  was  to  trace  oat  the  reck  fonna- 
tions,  BO  far  as  the  river  beds  and  tiie  bluSs  would  show  them,  and  to  arlacalate 
the  same  upon  those  alreadj  tiaced  along  the  coast  of  the  lake  during  the  sum- 
mer mouths;  or  to  indicate  the  directum  of  the  latter  as  they  extend  onward 
into  the  interior  of  the  State. 

Aa  a  canoe  and  proriaioDB  for  the  expedildons  to  be  made  &om  Grand  Harais 
along  the  lake  shore  and  into  the  interior  tiad  to  be  procured,  and  an  Indian 
hind  to  sarve  as  a  packer  and  guide,  one  or  two  days  time  was  consumed  in 
prepargtion.  And  then,  after  all  was  ready,  the  condition  of  the  lake  prerented 
our  starting.  Wtiile  waiting  for  heavy  northwest  winds  to  subside  the  hilt 
back  of  Grand  Harais  was  ascended,  its  hifrht  meaauied  and  search  made  for 
out-crops  of  rock  that  would  give  some  due  to  the  tithological  character  of  the 
elevation.  In  measuring  the  height  accurate  resnlte  were  not  expected,  since  one 
series  of  oliserTations  made  with  an  Aneroid  barometer,  and  extending  through 
a  whole  day  can  be  no  more  than  an  approximation  to  accuraty.  The  height  of 
the  hilt  as  determined  was  775  feet.  Two  or  three  interesting  exposures  of 
igneous  rocks  were  found,  evidently  as  broad  dikes  or  oyeiflows,  and  some  water 
^m  a  "carilMu  lick"  on  the  south  side  of  the  hill,  was  collected. 

After  a  nuny  and  rough  passage  we  reached  Indian  River  the  seventh  of  Sep- 
tember.  An  examination  of  this  stream,  which  forms  a  part  of  the  ttoondaij 
between  the  Grand  Portage  Indian  Reservation  and  the  unsurveyed  lands  lying 
in  the  northwestern  part  of  the  State,  was  te  be  oar  first  work.  The  river  is  so 
fapid  throughout  its  entire  length  that  there  is  no  canoeing  nntil  the  lakes  in 
which  it  tias  its  source  are  reached,  and  there  is  not  even  a  fisherman's  bail 
along  its  banks.  Fortunately  in  the  upper  part  of  iU  course  the  stresm  flows 
m  level  coaatty.  intersected  by  numerous  caribou  trails^  otherwise 
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it  would  h&Td  been  almost  impossible  for  the  packers  to  bare  mttde  tbeir  wo;. 
When  theie  were  no  trails  to  follow  not  more  than  three  or  four  miles  could  he 
made  in  a  d^.  In  this  heavily  wooded  conntiy  of  the  lake  Superior  re^rion  the 
dense  underpnwth  and  the  windfalls  are  much  greater  obstructions  alon;  the 
liver  oonrses  than  away  from  them.  When  on  the  heisht  of  land  to  Uis  vat  of 
the  the  river,  we  struck  the  sugar  boHh  of  the  Qrand  Portage  Indiana,  and  fol' 
lowed  their  trail  aloiifr  the  ridge  to  Grand  Portage.  At  this  place  an  Indian  was 
hired  to  take  the  port?  to  their  late  camp  in  his  canoe. 

A  thick  atrntum  of  drift  overlies  nearly  the  whole  region  drained  by  the  Indian 
river.  Along  its  conne  are  many  banks  of  Qiat  red  drift  clay  so  &eqnently  met 
with  in  the  northeastern  port  <^  the  State. 

The  next  expedition  whs  np  the  small  stream  called  by  Dr.  Norwood  in 
Owens'  report,  Flute  Reed  river.  Being  nearly  out  of  provisions  one  of  the 
men,  a  half-lmeed  Indian  named  Antoine,  was  sent  to  Grand  Maiaia  for  freeh 
mppUes,  while  the  remaining  two  made  a  two  Soya'  trip  np  the  river.  Thepro- 
gress  made  here  was  quite  satia&ctoiy  since  the  timber  for  nearly  the  whole 
distance  traveled  had  been  burned  only  two  seasons  before.  Antoiue  was  taken 
sick  at  Grand  Mamis  and  was  unahle  to  return.  As  Ur.  Haybew  sent  another 
in  his  stead  but  little  toss  ot  time  was  occasioned  thereby. 

A  creek  emp^g  into  the  lake  in  the  S.  £.  U  Sec.  2,  T.  61,  R.  2.  E.  4th  Her. 
shows  some  very  beautiful  features.  The  gorge  which  the  water  has  worn 
through  the  jointed  shalj  rock  is  one  of  the  gtandeet  of  the  many  grand  works 
of  nature  between  Duluth  and  Pigeon  Point.  Its  depth  often  exceeds  one  hun- 
dred feet  and  the  walls  are  occasionally  bo  near— in  two  or  three  places  Irom 
four  to  eight  feet — that  fallen  trees  form  foot  bridges  from  one  side  of  Uie 
stream  to  the  other.  Several  domes  seveuty-Bve  or  eight;  feet  high  are  worn  in 
the  walls.  The  bottom  of  the  gorge  is  dark  and  gloomy  for  the  sunlight  never 
enters  except  here  and  there  in  stra^ling  rays.  Toward  the  headwaters  of  this 
stream  and  overlooking  a  beautiful  lake  is  the  sugar  bush  of  'HmotA  Sunamo. 
At  a  distance  it  looked  as  if  outcrops  of  rock  could  t)e  found  there.  A  day  was 
spent  in  making  an  excnrsion  to  the  place.  The  summit  of  the  hill  by  the  old 
sugar  camp  was  1,240  feet  above  lake  Superior.  No  rock  was  tbund  except 
drift  boulders  and  these  occurred  to  the  very  summit. 

Kimball's  creek  came  next  in  order  for  examinaldon.  Owing  to  the  character 
of  the  rock — it  was  identical  with  that  found  along  the  stieam  last  visited — and 
the  shortness  and  smallness  of  the  stzeam,  only  one  day  was  devoted  to  the 

'  Thus  having  made  a  has^  examination  of  nearly  all  the  streams  from  Pigeon 
Point  to  the  Brule  riv^  we  started  for  Grand  Haiais  that  we  might  there  make 
preparataons  for  the  ascent  and  examination  of  that  stream.  This  would  neces- 
sitate an  expedition  of  at  least  four  week's  duration  into  the  interior.  But  a 
severe  storm,  which  made  the  tnp  to  Grand  Marais  in  our  canoe  a  somewhat 
dangerous  one,  continued  with  drenching  rains  for  more  than  a  week.  When 
the  weather  was  agun  fair,  not  only  had  much  valuable  time  passed  by,  but 
the  river  was  rushing  down  to  the  lake  in  a  torrent  and  the  swamps  were  fUl 
and  almost  ispassahle.  Accordingly  it  was  thought  best  to  abandon  the  idea  of 
ascending  the  Brule  the  present  season,  and,  instead,  examine  some  of  the 
smaller,  shorter  stfeams  and  a  country  freer  from  swamps.  Rosebush  river,  a 
small  stream  in  whose  bed,  one  and  one-half  miln  ii:om  the  lake  shore,  is  an 
abandoned  copper  mine*  receceived  a.  second  visit,  the  first  having  been  made  in 
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the  summer  by  the  State  Geologist  and  his  party  accompanied  by  Profe«BOr 
Peckham  and  Mr.  H.  Mayhew. 

Good  Harbor  Bay  aUo  received  a  cdll.  Tbis  is  one  of  the  mort  interesting 
localities  for  the  student  of  geology  that  the  whole  Northwest  shore  alfords. 
Around  the  point  to  the  west  of  the  ba,y  occur  the  beautiful  tliomsomtes  thiddy 
studding  the  upper  strata  of  a  bed  of  apparently  igneous  rock  i  while  along  the 
shore  of  the  bay  a  bed  one  huudi«d  or  more  teet  in  thickness  of  nearly  horizontal 
sandstone  bes  sandwiched  iu  between  the  thomsonite-bearing  rock  joat  men- 
tioned and  anoUier  igneous  rock  underneath.  Many  minerals  occur  in  tiie  aer- 
eral  beds  for  the  most  part  in  a  concretionary  form.  The  distance  ot  this  locality 
from  Grand  Marvia  is  only  fire  or  sis  miles. 

The  last  expedition  made  from  Grand  Marais  dunng  the  season  was  for  an 
examination  of  the  shore  line  some  miles  to  the  eastwaid  of  that  place  and  the 
a«cent  of  the  Devil'i  Track  River  to  the  head  of  Devil's  Lake.  As  a.  preliminary 
step  our  canvas  canoe  and  a  supply  of  provisions  were  packed  into  the  interior  to 
a  pobt  on  the  river  about  two  miles  below  the  foot  of  the  lake.  We  started 
from  Grand  Maiais  on  the  eighteenth  of  October.  Although  the  results  attained 
along  the  coast  were  all  that  could  be  dssiied  the  expedition  as  a  whole  was  not 
entirely  satisfactory.  The  water  in  the  river  was  so  high  that  the  ascent  could 
be  made  only  by  following  along  the  summit  of  tJie  bluSs.  On  Devil's  lake 
our  canvas  canoe  was  used  for  the  Srst  time.  It  was  found  horda  to  row  amd  at 
the  same  time  not  so  swift  as  a  biich  bark  canoe.  But  the  fact  that  it  it  li^t 
and  can  be  folded  and  packed  through  almost  any  part  of  the  forest  renders  it 
peculiarly  adapted  to  our  work.  The  canoe  wo  had  was  hastily  made  and  deliv- 
raed  to  us  in  a  very  nnsotasfactory  conditioD,  and  much  time  and  labor  were  re- 
quired to  make  it  in  the  least  serviceable  ;  still  that  is  no  argument  agunst  a 
light,  strong  and  irell  made  canoe.  Having  finished  our  work  on  the  morning 
of  Friday,  the  twenty-filth  day  d'  October,  in  the  midst  of  a  blinding  snow 
storm,  we  struck  camp  and  started  for  Grand  Marais.  We  had  gone  scarcely 
more  than  two  miles  before  we  were  met  by  a  messenger  sent  by  Mr.  M^hew 
announdng  the  glad  news  that  on  the  tbllowiug  day  the  schooner  Beaver  Baif 
Charleg  would  touch  at  Grand  Hamis  on  her  way  from  Gmnd  Portage  to  the 
head  of  the  lake.  This  word  hastened  our  steps  ;  we  reached  like  lake,  placed 
ersything  in  readiness,  but  the  vessel  never  came ;  only  the  dreary  prospect  li^ 
before  us  of  a  voyage  in  an  open  boat  over  the  more  than  one  hundred  miles 
stretching  between  us  and  Duluth.  The  task  was  undertaken  and  ended  after 
five  days  exposure  to  cold  and  danger — for  it  was  the  week  of  diaaaters  on  the 
lakeif— by  our  being  taken  up  at  Beaver  Bay  by  the  tng  Nellie  Cotton  and  tnvught 
to  Duluth,  which  place  we  reached  November  2d. 

In  giving  this  account  of  tbe  work  done,  it  aumot  be  out  of  place  to  mention 
the  obligations  of  the  party  to  the  Mayhew  biotbeis  and  Mr.  Howenst^,  of 
Grand  Marais,  for  favors  shown  on  every  occasion.  Messrs.  Mayhew  placed  a 
building  at  our  disposal,  in  which  to  lodge  whenever  we  were  in  the  place,  and 
all  spaced  no  pains,  and  suffered  no  opportunity  to  pass  by,  for  rendering  assist- 
ance, particularly  in  giving  knowledge  of  the  country  which  was  the  Geld  of  om; 
explorations. 

Although  a  whole  season  has  now  been  given  to  the  examination  of  the  I^ke 
Superior  re^on,  as  yet  the  work  is  hardly  begun.  I  would  suggest  that  all  the 
time  possible  from  the  limited  amount  at  the  disposal  of  the  surrey,  be  given  to 
tliis  part  of  the  State.  Pacts  may  be  here  gleaned  that  will  have  great  weight 
in  the  determination  of  certain  scienlific  questions  of  universal  interest.    My  con- 
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Tictaon  becomee  stronger,  a£  the  nine;  progtcasea,  that,  the  geolo^cal  Btructore 
of  this  part  of  the  State  is  more  simple  than  has  generally  been  suppoeed.  Many 
Uieories  have  been  proaounced  without  sufficient  foundation  of  tad,  and  their 
nraltiplidl^  serrea  only  to  confuse  him  who  would  throu^  reading  arrive  at  a 
a  clear  understandinj;  of  the  lithological  and  historical  characters  of  the  Lake 
Snperior  rocks. 

Bespectfiilly  submitted, 

C.  W.  HALL. 
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IV. 

ELEVATIONS  ON  THE  MINNESOTA  NORTHERN 
RAILROAD. 


Bt  J.  B.  CLOUGH,  Chief  Engineer. 


Hi 


FrsIHe  soutbweat  ol  Wadena 

.   BluD  Creak  (surface)..... 

BluR  Creek  (grade) 

Bluir  Creek,  weal  branch  [sartace) 

Bluff  Oreek.  west  bran duKrede). 

Uener&l  Burlace  at  bead  ^  BliiS  Creek 

Hanb,lieador  l>eer  Creek 

Oeaeral  surface,  aoutblln«Dt  Deer  Creek  twp.. 

Tamarack  Bwniiip.  bead  of  Bock  Creek 

Tamarack  Swamp,  Big  UprlDg 

HelKlit  of  ridge  %  mile  Bouth  of  Tam'k  Siramp, 

suur  of  Lept  Ut 

HelKbtof  divide  In  manh 

Leaf  Blvcr  baMom 

Leaf  Blvergnide 

General  Mirlhce  of  Pease  Frolrie. 

OroBlnii  BMt  Bntte  Creek 

GroMlBg  East  Butte  CKek  grade 

fnnunlf grade  (spur  of  Leaf  Mountatn) 

Topari  Leaf  Mountains  in  viclnltj'.eBtlmates.. 

South  Bntte  Creek  bottom 

South  Butts  Creek  grade 

East  Butte  IiSke,  estimates 

Summit  In  gap.... 

General  surface  estimate 

Lake  Clltberall,  at  Clltberall 

"W  eat  Butte  Creek  bottom 

■West  Butte  Crsek  grade 

BumDilt,spur  of  Leaf  Uountain 

Valley 

Summit,  spur  of  I^eat  Mountain 

Turtle  Lake  surface 

Turtle  Lake  grade 

Summit  between  Turtle  and  Baas  lakes. 

Bass  Lake  surface 

Ba.«  l«ke  grade 

Bed  lUver  bottom 

Red  River  grade 

Summit 

Surface  of  Bed  Blver  at  Fergus  Falls 

Grade  at  Fergus  Faila 
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Line  of  the  Pelican  River  Valley. 
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Pelican  Blver  Above  dam  at  FelleBn  Rapids 
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CHEMISTRY. 


EKroKT  OF  PB07.  PEGKHAU. 


Prof.N.H.  WincheU: 

Mr  Deak  Sib: — In  cooformit;  with  tbe  instructioDB  of  the  executive  commit- 
te«*  of  the  Boaid  of  Regents,  I  have  the  honor  to  report  regarding  my  tnp  t»  Lake 

•See  Appendix  A. 
Superior  as  follovt; 

I  was  iiutnicted  to  advertiBe  the  intended  action  of  the  Board  in  sending  me 
there  in  Dulnth  and  St.  Paul.  This  advertiaiiig  was  done,  and  from  all  that  I 
could  learn  all  peraona  likely  to  br  iDBtecest«d  were  well  informed  in  regard  to  the 

1  was  also  instructed  that  "anjr  parties  who  wiU  make  affidavit  that  &ej  are 
citizens  of  Minnesota,  and  that  the  ores  are  found  in  Uinnesota,  fdviug  the  local- 
ities where  the  ores  were  found  as  nearl;  as  possible,  and  certi^rjng  their  wil- 
lingness that  the  resolts  may  be  published,  ehali  be  charged  one-half  the    *    * 

"Payment  for  assi^  ro^  be  made  in  specimens  of  minerals  or  ores,  at  Prof. 
Peckham'a  valuation." 

These  instructions  were  also  well  advertised  on  the  north  shore,  but  no  aBsajs 
were  offered  subject  to  these  conditions.  No  ores  or  minerals  were  therefore 
received  in  part  compensation  for  assay  work. 

When  not  employed  in  assaying,  I  made  collections  of  minerals  in  Uie  neigh- 
borhood and  on  the  coast  above  and  below  Grand  Marais.  Some  of  these  speci- 
mens ate  large,  in  fact  too  large  for  exchange,  and  were  gathered  with  the  expec- 
tation that  you  might  want  them  for  the  Qeneial  Museum. 

I  also  obtained  by  private  purchase  a  qnantity  of  zeolite  pebbles,  that  on 
examination  present  some  features  of  interest.  1  have  thought  that  possibly  yon 
might  desure  a  chemical  examination  for  the  survey,  and  I  have  therefore  delayed 
a  thorough  examination  until  I  could  lay  the  matter  before  you. 

These  specimens  are  of  considerable  value,  and  I  found  that  the  only  way  in 
which  I  could  secure  a  suite  for  our  cabinet  and  prevent  them  from  going  out  of 
tlie  State,  was  to  purchase  the  whole  lot. 

The  specimens  to  which  I  have  referred  above  bs  having  been  collected  with  a 
view  to  being  placed  in  the  General  Museum  have  been  opened,  and  are  now- 
awaiting  your  inspection  at  the  Agncultural  Building.  1  trust  that  you  will 
make  it  convenient  to  look  them  over  soon,  as  they  are  getting  dusty. 

An  early  decision  in  reference  to  the  examination  of  the  minerals  parchased, 
will  oblige,  Verv  truly  yours, 

S.  F.  PECKHAM. 

Minneapolis,  Nov.  llth,  1878. 
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llie  fbllowing  rasnlts  hare  been  obUined  for  Mnal  nnmben  55,  56  and  57. 
^167  were  all  tiuree  litneBtonea.  They  were  diBgolved  in  dSute  hjdrochlonc  acid 
ftnd  boiled.  The  portion  remainiutr  insoluble  was  ettamatad  a»  "insolnble." 
'Hie  iron,  etc,  lime,  magneeinm,  carbonic  and  Bolphoric  adds,  were  Uien  esti- 
mated in  the  nsnal  mamier.    The  molla  wen  aa  ibllowa: 


55 

56 

57 

M.Sl 
3.9- 

il'.li 
20.76 

16.22 

1.14 

■.73 

54.28 

27.48 

99.12 

99.35 

99.21 

ranting  to  but  little  more  than  a  tnoB, 

No.  55  contained  dms;  caritiea  filled  wilh  poie  whil«  Kranular  aiUca,  which 
would  came  the  insoluble  portion  to  Taiy  in  different  pieces. 

The  insoluble  portion  of  No.  56  contained  a  Urge  amount  of  iron  in  an  insoln- 
Ue  form.    No.  57  is  a  rer;  pure  majfueaiau  limeetone. 

These  three  spedmena  are  the  onlj  ones  that  I  have  TScdved  in  time  to  oora- 
plete  tlieir  analysis. 

S.  F.  PECKHAM. 

UiSNXATOLiB,  Jan.  30th,  1979. 
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SBPORT  or  DB.  P.  L.  HATCH. 


HiNMEAPOus,  Janiuuy  23, 1879. 
Fr<^.  N.  E.  Winthtn.- 

Drab  8ib— It  is  mj  pleamre  to  be  abb  to  report  a  K&tufikctoT7pragi«aof  tto 
Oniitbological  sectJou  of  tbe  Nataial  Eiatory  Surre?  of  tlie  State  daring- tlieTeu- 
joat  doted. 

The  distributioTi  of  rendent  ipeciei  of  birda,  the  Uaea  of  those  migiation* 
whkh  most  affect  audi  diatribtlbon,  and  the  intereat  of  airricnltare,  have  occu- 
pied the  attention  of  the  anrre;  largelj.  Peraonal  Ttaitationa  of  remote  locaK- 
tiu  in  the  beat  time*  for  obeerrotion  and  the  reatnd«d  emplojinent  of  local 
Etmateuis,  hare  sreatlj  facilitated  the  aci:uuiulatiou  of  rehable  data. 

QueatioDs  of  profound  interest  to  science  have  mnltiplied,  which  can  only  be 
settled  by  a  Uiorough  eiploratioii  of  all  sectioiu  of  the  State  not  yet  settled  ttx 
ngriculturai  pnrpoaes,  which  it  is  hoped  the  present  jear'a  opportunities  niaf 
afford  new  facts  for  their  solution.  The  characteristics  of  the  different  sedaons 
ate  BO  Taried  that  each  must  receive  spedal  obaervatiDii  almoat  aimultaneoualy, 
vhich  compele  me  to  depend  much  npon  the  prinripal  lines  of  rapid  tianait. 
The  "paa!€a''  on  the  Minneapolis,  White  Bear  and  Duluth  nulroada  added  very 
much  to  my  fiualitiea  duiinfi  the  paet  year.  I  think  tiiat  if  aimilar  advantages 
could  be  afforded  over  tiie  other  lines  of  railniads  penetrating  remote  sections 
hitherto  nneiploied  by  the  Surrey,  results  of  BurpasaiDEr  in tereat  may  be  attained 
during  the  present  year.  My  co-laborer  and  invaluable  aBsiatant,  Mr.  C.  E. 
Henick,  has  not  enjoyed  hia  usual  opportunitiea  fbr  aiding  me  durinjt  Ihe  last 
year  which  1  bad  hoped,  on  aocount  of  hia  lime  being  absorbed  in  another  de- 
partment of  atill  greater  importance  to  adence.  I  shall  permit  myaelf  to  hi^ 
that  he  may  be  able  to  render  greater  service  during  the  year  just  begun. 
I  am  veiy  respectfoUy  youn, 

P.  L.  HATCH. 
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VII. 

BOTANY. 


THX  PLAKTB  OV  THE  SOBTH  iHOHB  OT  LIES  BUFEBIOB.     BY  B.  JCni. 


The  greater  put  of  tlie  forest  of  the  ii<Hlh  shore  consiita  of  eTernreena,  audi 
an  ipruce,  pine  and  cedar.  Biich  u  neajrly  everywhere  intenrpeised,  and  popkis 
are  naacl;  aa  common.  From  Frraidi  Biver  niwthward  the  trees  gradually  de- 
crease in  size.  Already  at  Oiand  Mejnia  Uie  difference  ii  quit«  appaient.  At 
Pigeon  Point  the  trees  seem  to  be  but  half  gfrown.  The  same  is  true  of  altitude; 
on  tlie  ridge  of  Moont  Joaephine  there  is  only  a  stmited  growth  of  trees,  whidi 
at  its  foot  reach  the  ordinary  Bize^  Thii  can  hardly  be  due  alone  to  the  difference 
of  moistore  and  xnL  Ute  abundance  of  moesee  and  lichens  gives  to  the  forest 
a  character  peculiar  to  northern  latitndes.  There  is  scarcely  a  rock  or  tree  that 
ia  not  partly  or  entirely  covered  by  tke  different  species.  The  ground  is  often 
covered  by  a  layer  nearly  a  foot  in  tlitckness,  wbidi  conceals  tlie  angular  fiag- 
menta  of  rock  beneath.  In  juany  places  there  is  no  soil  except  what  is  entangled 
in  themoeses  and  lichens.  This  foct  serves  to  make  fires  all  the  more  destructive. 
Hey  consume  everything,  to  tbe  very  rock;  nothing  remaids  Imt  the  cbamd 
tznnka  of  trees,  many  of  which  fall  at  the  time,  while  othera,  whose  roots  struck 
into  some  deep  crevice  of  Uie  rock,  stand  a  few  years  longer  aa  mouameuta  of 
the  deatructiTe  follj  of  man.  The  neit  rain  or  wmd  carries  away  the  last  traces 
of  soil,  and  leaves  the  rocks  bare  and  caLined,  Nature  now  sets  about  to  cover 
again  the  sqr&oe  by  an  other  slow  succession  of  lichens,  shrubs  and  bees.  The 
trees  in  proximity  to  the  lake,  and  espedallj  on  the  side  i^ng  it,  ore  draped 
with  a  moBS-like  lichen  (Usnea  lougisdma?].  This  hangs  in  long  tufts  of  about 
a  fbot  and  a  half  from  trunk  and'  branches.  When  dry  it  is  as  oombushble  aa 
shavings  or  straw.  It  is  by  no  means  an  unimportant  article  in  this  region. 
For  packing  specimens  and  lor  bedding,  there  is  no  better  material.  This  lichen 
is  found  both  upon  live  and  dead  trees,  but  more  commonly  upon  some  ipeaea 
Uian  upon  others.  Iltera  ate  some  wnmg  Uieories  prevalent  regarding  it.  It 
neither  injuiei  a  live  tree  ner  has  it  any  prefereuce  between  a  live  and  a  dead 
(sie,  as  long  as  tbe  baric  to  which  it  attaches  itself  remains  upon  the  tree.  Its 
Lt  is  derived  &om  the  air  and  not  from  the  tree  upon  whkh  it  Uvea. 
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MTiiada  of  caterpillare  have  stripped  the  jonnger  growth  of  deddnooa  beM 
of  their  foliagfe  m  a  number  of  places  Has  seaaon. 

STormB  of  giasfihoppeTa  appear  to  have  paaaed  orer  these  regions,  bot  thoiu- 
andi  happened  to  alight  in  the  lake  instead  of  on  the  land.  In  Grand  Portage 
Bay  gTHtt  numbers  of  them  were  seen  floating  on  the  water  rtill  alive  and  eager 
to  take  passage  on  anj  floating  ol^ect. 

The  reeinouB  niattei  of  the  wood  which  falls  info  the  streams,  is  said  to  imptrt 
to  the  water  QuA  dark  amber  color  peculiar  ta  all  streams  wfaicE  ent«r  apon  the 
north  shore. 

About  fifteen  hundred  apedmena  of  plants  have  been  collected  and  preserved, 
which  represent,  perhaps,  one  bandied  and  seventf-five  species.  More  than  that 
number  have  been  identified,  Imt  it  was  not  found  convenient  to  preserve  all  sped- 
mens.  The  duplicates  axe  intended  for  exchange.  A  full  collection  of  Carices, 
to  which  special  attention  was  given,  was  lost. 

Id  considering  the  results  it  should  be  borne  in  mind  tiiat  no  expenses  to  the 
State  have  lieen  incurred,  wliich  would  not  have  been  necessary  without  Ihem. 
A  few  leisure  hours  were  given  to  this  work  by  one  who  did  full  dot;  in  another 

List  of  Plants  of  the  North  Shore  of  Lake  Superior. 

r  Olemalas  Virginiana,  L.    Virgin's  Bower. 

Thalic^am  Comnti,  L.    Meadow  Rue. 

Rannncnlns  Cymbolaria,  Seaside  Crowfoot.    Found  only  at  Qrand  Portagv. 

Banuoculns  Peunsylvanicus,  L.    Bristly  Crowfoot. 

(  Caltha  palnstris,  L.    Monh  Marigold. 

Aquilegia  Canadensii,  £.  Wild  Columbine.    Yeiy  beautiful,  flowering  late  in 

Actaea  spicato,  Var.  rubra,  Michx.     Bed  Banebeiiy. 

HTMFSAC&S. 

Nnphar  advena,  Smith.    Tellow  Water  Lily. 

BABBACSNIACBX. 

Sarraoenia  pnrpnreft,  L.    Pitdter-plant.     Abundant  in  open  nuzilies  . 

rUlCAIUACBA. 

r  CoiydaUs  anrea,  Willi. 

r  Coijdalis  Isaacs,  Purth.    Burnt  ridges. 

*r  81snlfl«*  tbat  tbs  ipeciei  Is  rare. 
t  BlguUles  that  tbe  species  ts  commoDi  and 
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e  Cudamine  hiraata,  L.    Bitter-^BM. 
Anbia  perfoliaia,  Lam.  Tower   Hnitard.    Popbti  River. 
Antbis  Dronunondii,  Omy.    Caatle  DaDRer. 

Bubam  Tolgaiu,  Michx.    Putin  Bay.     Coaunon  Winter  Creu  or  Tellow 
Bocket. 
Draba  antntaiu,  Michx.    Castle  Danger. 

DROflKIUCKS. 

Droaera  rotnndifolia,  L.    Sondiew.    e. 
Drosen  lon^olia,  L.    Little  Hhub. 

CAXTOPHZI.LACX^. 

Stellaria  media,  Smith,   Common  Chiiiweed.    Grand  Portage. 

Stellaria  lonffipes,  Ootdie.    Dnlnth. 

Cerastjani  nntani,  Bap.    Uoose-ear  duckweed, 

QERANrACUI. 

Qeraninm  CBrolinianum.    L.    c. 


Impatieni  folTB,  Nvtt. .  Spotted  Toocfa-me-not. 
Rhu  toxicodendnm,  L.    Poison  1*7. 


Acer  ipicatam.  Lam.  Mountain  Maple.  Yerf  abundant  ereiTwliere ;  gnnn 
nsuallj  in  dumps,  generally  a  mere  buah. 

Acer  Baccharinum,  Wang.  OwiDg  to  tiie  Kardtr  of  oUier  hard  wood  tLii  ie 
highly  valued  ibr  hard  fael  and  charcoal.  ConBideT»ble  quantities  of  sugar  are 
nufde  tpxa  it,  both  b;  Indians  and  whitee.  Iliia  bee  is  not  once  met  with  on  Uie 
immediate  lake  ahore  ;  it  can  be  found  only  eome  distance  inland.  In  addition 
to  the  above  mentioned  maples  Acer  Pennsylvanicum  and  Acer  mbmm  aieocca- 
rionallj  foond,  it  ie  laid. 

Vida  Americana.    MuM.    Vetch,  e. 

lAQtyms  maritimas.    Bigelou>.    Beach  Pea. 

QrowB  in  patches  in  coarse  sand  or  gravel,  where  no  other  plants  thrive.  Be- 
•embles  very  mnch  the  common  field  pea.  Along  the  whole  length  of  the  shore 
within  the  limits  of  Minnesota,  it  was  observed  in  only  three  places,  viz:  French 
Biver,  Two  Island  River  and  Poplar  River. 

LathyniB  oduxilencus.    Hook.    e. 
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PnmaB  PemuylTaiucaa.    L.    Wild  Red  Chenj. 

Fmoiu  VirgiiiiMia.    L.    Choke  Cherry,  v.  r. 

Spiiffift  opnlifolia.  L.  Kine-Ba^.  Heie,  nnlike  faither  looth,  it  ■hniu  the 
■>il,  but  clinfta  to  ban  rocki,  often  within  the  iweep  of  Uie  wktm. 

SpiiBta  salicifolia.    L.    Common  Meadow  Sweet. 

Agiimonia  Eupatoria.    L.    Common  Agrimonj. 

Geam  album.  Gmtlin.  Hokna  good  labatitDtefbTteai  waaaometimeiiued 
as  Boch  oo  the  rarver  of  the  north  Hbore. 

Greum  stnctom.    Ait,    c.  ' 

Potentilla  NoiregiGa.    L.    Fire-Fine^. 

Fotcntilla  frnticosa.    L.     Shrubbjr  Five- Finger. 

Common  on  bare,  rocky  ahorea  north  of  Two  laland  River,  beoomin;  more 
abnndant  furttier  north, 

Potentilla  tridentata,  Ait.    More  common  and  leai  confined  to  rocki  than  the 

]Mt. 

Fngnua  Tii^iniana,  Bhrhart.    e.    StaLvbenr- 

Ttafgn^A  veeca,  L.  e.    Very  [mtlific. 

Rubni  NntkamiB,  Moeino.  White  Flowering  Raapbeny.  Ocean  ererywhen 
on  dry  soil.  Ita  showy  white  bloasoma  are  abont  aa  lai^  aa  those  of  the  wild 
nee.  The  iruit  is  large  and  looks  tempting  but  has  a  peculiar  add  fianv  which 
. makes  it  inferior  to  that  of  the  R.  strifntsua. 

Rabns  trifl'<nis,  Bichardton.    Dwarf  Raspberry. 

Rnbm  ibrigoaus,  Michx.  Wild  Red  Raspberry,  e.  Especially  abundant  and 
proMc  on  burnt  places  a  few  years  aiVr  fire«.  Both  the  quantiy  and  Uie  qual' 
itr  of  the  fruit  is  extraordinary. 

Ron  ludda,  Ehrhart.    Dwarf  Wild  Itose  (?). 

Anelanchier  Canadensis,  Torr.  <t  Gray.    Pigeon  Point. 

PyroB  Amerioma,  D.  C.    American  Mountain  Ash.    e. 

The  large  cymes  of  whit«  blossoms  in  summer  as  well  aa  the  crimaoo 
fruit  in  autamn  and  winter  give  a  pleaaant  relief  to  the  dark  backffronnd  of  erer- 
green.  The  tree  was  in  full  bloom  at  Duluth  on  the  20th  d  Jane,  while  on 
Pigeon  River  some  were  found  in  flowers  nearly  two  months  later. 

Cicute  macnlata.    L.    Spotted  Cowbane. 

Cicuta  bulbifera.    L. 

Biiim  Caraomi.    Dnrand,  inad.    Temperance  River. 


Alalia  hispida.    liichx.    c.    Bristly  Sarsaparilla. 
Aralia  nndicanlis.    L    Wild  Sanaparilla.    e. 

COHNACX.G. 

Comns  Canadensis.    L.    Dwarf  Cornel. 

Comas  citdnata.    L'Htr.    Round-leaved  C. 

ComuB  stolonifera.  Uiehx.  e.  Qray  attaches  the  name  "  Kinnikinnik"  to 
C.  sericea.  This  only  serves  to  mislead  t)eginners,  and  gives  rise  to  dispntee,  as 
the  name  "  Emnikinnik"  applies  with  equal  propriety  to  C.  stolonifera,  and  to 
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ArctostapbyluB  nva  mm.    The  Indiam  ose  the  inner  baik  of  the  tvo  fonneir  and 
the  dried  leaves  of  the  latter  u  tobacco;  hence  the  same  name. 
Comiu  altemifolia.    L.    r.    PopUt  BiTer, 

liniuea  borealui.  Gtomb.  So  abundant  that  it  often  forma  a  beaotiiM  tettiiiff 
in  Hie  moss  carpeta  in  ihe  woods.  It  wm  in  blossom  at  Dnlath  on  Oie  20th  ot 
Jane,  and  on  the  STth  of  September  it  waa  still  found  Uoomin^  at  Qrand  Haiais. 
(See  Foster  and  Whitn^.) 

BAXIFKAQACES. 

Bibes  CftUMbati,  L.    Comomn  Wild  Qooseberry. 

Bibes  lacnstzc.  Fair.    Affate  Bay. 

Ribea  prortiatam,  L'f  «r.  Fetid  Cuirant  Known  in  this  t«gion  by  the  name 
of  "Sknnk  Beny."  More  prolific  Uion  the  Bibes  mbnun  and  tiie  berries  larger, 
but  hardly  eatable  on  acconnt  of  the  nnpleasont  odor. 

Bibes  floridum,  L.  Bed  Cmtant.  I^;tle  Maiaia.  Plant  and  fhiit  like  the 
ted  garden  cturant.  Withoat  the  fhut  the  plant  is  not  easily  distinguished  from 
the  B.  prostratum. 

PamBsaia  palastna,  L.    Grand  Portage  Island, 

Saxifraga  FennsylTania,  L.  e. 

ONAflRAOBA. 

Cinaea  apina,  L.  Enchanter's  Nightshade,  e.  This  plant  \»ntains  many 
raphides. 

Epilobitun  angnstiibliiua,  L.  Qreat  Willow  Herb.  Very  common,  espedoUy 
en  burnt  land. 

Epilobinm  coloratam,  Muhl.  e. 

Epilobium  pelostre. 

<£noUieia  fcdennis,  L.    Common  Evening  Primrose. 

UUBKLIFXHX. 

Hydrocotrle  nmbdlata,  L.    Water  Pennywert 

Sauicala  Marilandica,  L.    Sonicle. 

Heraclenm  hmatom,  Michx.  v.  c. 

Lonicera  hirrota,  Eaton.    Hairy  Honey  Snckle,  e. 

Zjonicera  nliatn,  MtM,    Fly  Honey  SncUe. 

Diervilla  tiifida,  Maneh,  v.  c.  Bush  Honey  Sackle.  Forms  a  large  part  of 
the  anderbnish.  ' 

Sambncus  pabens,    Michx.    Bed-berried  Elder. 

Vibomum  Opulus.    L.    Bosh  Cranberry,    e. 

Unch  stunted  and  f^wer  berriee  in  each  cyme,  which  nearly  leads  one  to  take 
it  for  V,  paucaflonim. 

BDBIACBS. 

Galium  asprellum.    Michx.    Hough  Bed-Straw. 
Goliam  tarifloram.    Mickx.    Sweet-scented  Bed-Straw. 
HoDstonia  purpurea.    L,     War.  longifolia.    Qoo«ebeny  River. 
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Aster aagitdfolim.     WiOd.    AgvibBaj. 

Aater  pnmiceut.    L.    Qraad  Portago  laWd. 

Aatei  gnunmiiifolini.    Pvrth.    e. 

Afitar  ptarmiixdd«a.    Torr  and  Chvy. 

Solidago  bicolor.    L.    Qolden  Bod.    c. 

Solidago  Muhlenbergii.    Torr  and  drag. 

8o)id«go  Cuadeiiui.    L. 

Htliopsia  Iedvu.     Peri.     Ox-£^.     & 

Anthemu  nobilis.    L.    Besrer  B^. 

Seuedo  tomentofliu,  Michx.    Pat  in  Bajr. 

Achillna  MiUefbliom,  L.  Conunon  Taraw.  Abanduit  all  fitmg  the  ahore, 
fDRninfi  a  fiiiige  of  white  jast  on  the  lin«  betwaentheforeotbeeBtHidthewkTW. 
Was  not  found  in  otiier  ntootioni.  A  ttsw  apecinieiis  wiUi  littht  purple  flowers 
were  seen. 

Gnaphaliam  decnneni,  Jm*.    Everlasting.    Derondft  Bar  and  Grand  P(»tafe 


Cmiaiii  tanoealatmn,  Seop.    Comnxm  Thistle. 
Hienidnm  Caoadensa,  l£\ehx.    Hawk  Weed.  e. 
Nabaloi  albiu,  ^oot.    White  Lettace. 
Hnlgediam  floridiannm,  D.  C.    False  Bine  Lettuce. 

LOBKLTACBA. 

Lobelia  Kalmii,  L.    Abundant  on  bare  tr^  ahores  north  of  Agate  Bar. 

CAMFAiroi^CA. 

Camponola  rotondifolia,  L.    Harebell,  c. 

Campannla  rotondifoba,  L.  Var.  liuifblia.    Pigieon  Point. 

Campanula  aparinoidei,  Furth.  c.    Uanh  Bell  Flower. 

BRICACK.B. 

Oayliueacia  resinoaa,  Torr.  <t  Orrg.  c.    Black  Huckleberry. 
Taodnium  Oi;coccub,  L.    Small  (hanbetr;. 
Vacdniom  uliginosum,  L.    Bag  Billbenr. 
Chiogenes  hispidata,  Torr.  d  Gray.    Pigeon  Point. 
Arctostaphylu*  uTa  nra,  Spring  Beaibeiry. 

QroDud  thkkly  covered  byit  in  open  places;  Indiau  nie  the  dried  team  to 
mix  with  their  tobacco  for  smoking  and  call  it  "Einnikinnik.'' 
Qaoltheria  procombenB,  L.    Winteigreen.    Palisades. 
Epitraea  repetu,  L.    Trailing  Arbutus.    Minnesota  Point. 
e  Leduin  lalafoliam,  Ait. 
c  Fjrola  rotundifolia,  L, 
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« I^fTcdA  dliptkft,  Shin-lmf . 

Pyrola  chlorantha,  Swartz.    French  Bivw. 

TjtoiA  Hconda,  L.     Var.  pniuilK. 

e  MoneHa  nnifloia,  (Z>.    Pyrola  aniHon.) 

Honotropft  oniflon,  L.    Indian  Pips.    Qnnd  Muaia. 

TIAMTAODrAOXA. 

Plantago  miyor,  !<.    Common  Flantam. 

PBIHULACUB. 

Primola  Hiatasiuuca,  Miehas.    Trap  ihora, 
e  Triontalii  Americans,  PtirrA.    Star  Flown. 
Lyninachia  atricta,  ^it.    Split  Rock  Rirer. 
Ijmmacbia  dliata,  L.    Split  Rock  RiTer. 


Ubicnlaiia,  minor  L.    Smaller  Bladderwort.    Dolnth. 

eCBOPHUI.UtIACXJt. 

e  CheloQfl  glabra,  L.    Tnrtle-head. 

llimolus  rmg€ni8,  L.    Honkey  Flower. 

Gratiola  inlosa,  Uichic.    Agate  Bay. 

Taronica  arvenais,  L.    Com  Speedwell.    Dolatli, 

Uelami^ram  Americaunm,  Michx.    Cow-wheat,    e. 


Mentha  arreneis,  L.    Com  Mint,    Baptism  River. 
I^copoi  VirginicaB,  L.    Bngle-weed.    Eniie  River. 

LTCopoi  Eoropant,  L.     Var.  integrifblius  and  var.  BinuatoB.    Baptum  River, 
Bnuiella  vnlgara,  L.    Common  Self-heal.    Dnluth. 

Qaleopda  Tettahit,  L.    Common  Hemp-nettle,    c.    At  aome  places  the  color 
of  the  flower  ia  a  yellowiah  white,  while  at  othen  it  ii  purple. 
Phlomis  tuberoaa,  L.    Jenualem  Sage.    Knifa  River. 

BOBXAOIHACZ^. 

Mertenaia  panicnlata,  L.    Lnngwort.    Abnndant  aod  ahowy. 
Echinospermnm  Lappula.  Lthm.    Btdckseed.    Dnluth. 


Halenia  deflexa,  Orittbach,    Supurred  Gentian. 
Menyanthei  trifoliata,  L.    Buckbean.    e. 


Folyoonum  ciUnode,  Michx.    c. 
Romes  Acetosella,  L.    Sonel. 
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Sfaepheidia  Canadeniii,  MtM.    D17  ihoiM. 

■AHTALACRa. 

ComandiA  liridft,  Bieltardton.    Butwd  Toad  Flax. 

USTIOAOUC. 

Uriica  gndlii,  ^it,    NetUe.    Agate  Bkj. 

C017I1U  Americana.    WaU.    Enife  RiTer. 

Corjloa  TMtrata.  Ait.  Brerj-iiiiera  aod  [couteuy  to  Foater  and  Whibiej) 
fertOe.  In  some  pbum  the  buihee  reach  a  hei^t  of  fifteen  feet,  vith  itonia 
from  one  to  one  and  a  half  inches  in  diameter.  The  tops  bend  oTcar  from  tiia 
weight  of  the  frnit. 

Oetrja  Yiiyinica.  Wiltd.  Hop-Hombeam.  Reported  aa  growing  on  the 
ridges  in  the  interior. 

Betnla  latea.    Miehx.    Yellow  Birch.    Inland. 

Betnla  papyiacea.  ,  Ait.    Paper  or  Canoe  Birch. 

Thia  boe  is  Tnloable  not  so  mat^  for  its  wood  u  fbr  the  great  Twietr  of  n*« 
to  which  the  but  can  be  turned.  In  nianr  instances  the  tree  reaches  a  height 
of  eerenty  feet.  , 

Betula  fflandulosa.    Michx.     DwBifBbch.    Swamps. 

Betnla  rotnndifolio.    Spaeh.    Swamps. 

Ahins  Tiridii.     D.  C.     Oreen  Alder.    Bare  Tocks  and  dry  banb. 

AlnuB  incana.     WiUd.    Swamps  and  wet  banks. 


Popnlus  Inmnlddea.    Xichx.    Ameican  Aapen.    c  c. 

Popolns  grandidnta.    Miehx.    TTDOBually  large. 

Popnloe  balaanufera.     Yar.    candidans.    L.    Balm  of  Oilead. 


Pinna  Bankaiana,  Lanibtrt.     Scmb  Pue.  e. 

Pinna  reiinoaa,  Ait.    Red  Pine.  c. 

Pinna  Strobus,  L.    Wliite  Pine.    This  is  rather  scarce  along  t^»  shore,  bvt  is 

abundant  a  few  milee  inland.  It  BOmetimes  forms  a  foreat,  but  in  mora  frequently 
seen  single  or  in  clumps  of  a  doaen  or  two  intenpersed  among  the  other  treea. 
The  decaying  tfnnka  lyingin  the  shade  of  a  voong  growUi  ahow  that  tlie  tiee  ia 
by  no  meana  atunted  in  thia  latitude.  At  Enife  River  a  fallen  tree  w 
and  found  to  be  125  ft  in  length  and  3K  to  4  ft.  i 
Abiea  nigta,  Poir.    Black  Spruce. 
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Albie*  alba,  Miehx.    White  Spnice.  e. 

Albiea  balMmea,  ifoMhall.  Bala&m  Fir.  c.  The  Canada  Balraaiaobtaiued 
frcaa  Uie  bliaten  in  the  bark  of  thii  tree. 

Laiix  AjnericftDft,  Miehx.  Tamarack,  e.  It  i«  here  found  both  in  swampi  and 
OBdqrland. 

Thqja  occidentalia,  L.  Aibor  Vitn.  e.  Tliongh  the  tnink  is  frequently  two 
feet  in  diameter,  it  taper*  lo  rapidlj  that  it  is  of  little  valne  aa  limber.  The 
treee  other  rtaoding  or  follen  make  an  ahnoet  impawable  barrier  to  the  ezpkwer. 

Jnnipenii  oommunia.    L:    Var.  alpiua.    t, 

TtODi  baccatA.    L.    Var.  Canadniua.    American  Yew, 


Calla  palortri*.    L.    Bosi,  Duluth. 

Aoonu  Calamna.    L.    Sweet  Flag.    Knife  Biver,  Daiuth. 

TTPRACEJC. 

Spanpmium  nmplez.    Hudson  Bay  R«ed.    Afrate  B^r. 
Potamogeloii  crispoB.    L.    Pond  Weed.    Agate  Bay. 

OBCHIDACBiB. 

Habenaria  obtosa.    Bichar^fon.    e. 
Habenaria  orbicnlata.    Torr.    e, 
Habenaria  peycodea,  Gray,    e. 
Qoodyera  pnbeecenB.    B,  Br.    c. 
Spiranthea  Romanionana.    Cliamia»o. 


Iris  veimootor.    L.    Bine  Flag. 

Siaynnchium  Bermndiana.    L.    Blue  Eyed  Qra 


Streptopos  amplexif olios.    D.  C.    IVisted  Stalk. 
Clintonia  borealis.    Baf.    v.    e. 
Smiladna  trifblia.    Ker.    Putin  Bay. 
Iiilium  Pbiladdphioom.    L.    Trap  shoim. 

Jnncaa  alpinoi,  var.  inaiginia     Frit$. 

Joncos  Ganadenaii.    J.  Ch-ag.     Far.  co-aidAtm. 
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Enph<OTiin  alpiuam.    L.    Cotton  Oran. 
Carex  potTtEichoidw.    VuAI.    Little  Hanii. 

"  stipata.    Muhl.    HooseLake. 

"  tmpenna.    D«w.    Putin  Bay, 

"  cuie«cena;  var.  ritilia.    L.    Agate  Baf. 

"  DeveTaaa.    Stha.    Agate  Bay. 

"  lagopodioides.    Sehk.    Agate  Bt^. 

"  stncta.    Lam.    Agate  Bay. 

"  lenticnlariB.    MWkx,    Atrate  Bay. 

"  crinita.     Ldtn.     Fatin  Bay. 

"  gynandra.    Schxe.    Agate  Bt^. 

"  iirigaa.     Smith,    Fatin  Bay. 

"  alpioa.    Schwartz.    Temperance  River. 

"  lirida.     Willd.    Greenwood  Biver. 

"  arctata.    Boott.    Agate  Bay. 

*■  flexilis.    Budge    Enife  River. 

"  filitoimU.     L.     Puhn  Bay. 

"  lannginoBa.    iiichx.    Common  everywhere. 

"  riparia.    Curtia,    c, 

"  paludosa.    Qood.    c. 

"  tctrOTsa.     SchtB.    Moose  I^e.     e. 

"  intameKent.    Rudqe.    e. 

"  monite.     Tttektrman.    Agate  Bay. 

"  oligotperma.    Miehx.    Baptism  River. 

Zizania  oquotica.    L.    Indian  Rice.    Water  Rioe. 
CalamagrostiB  CanadenmB.    Beauv.     Bine  Joint. 
Poa  c&esia.    Smith.    Meadow  gran. 

FII.ICKS.     (Fern*.) 

Polypodiam vnlgare.    L.  (?) 

Pt^  aqoilina.    L.    Common  Brake. 

Adiantum  pedatam.    L.    Maidenhair. 

Onodea  Mneibilis.    L.    Sensitive  Fern.    e. 

A  number  of  other  apedes  of  fema  were  collected  but  not  identiBed. 

LYCOPODtACEA.     (Club  MoBB.) 

Lycopodiom  inundatom.    L.    r.    PaUiaadea. 

I^ycopodinm  annotiuum.    L.    e. 

I^copodinm  dendroidenm.    Miehx.    Gronnd  Pine. 

I^copoclium  clavatum.    L.    c. 

I^copodinm  complanatum.    L.    c. 

The  following  ii  a  list  of  plants  that  either  constitute  Uie  greater  part  of  vegft* 
talion  on  the  campaiatively  bare  belt  of  a  few  roda  width  in  immediate  contact 
vith  the  water,  or  grow  Uiere  exclnaively.    The  margin  of  the  foreet  ii  in  gep- 
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enl  &  well  defined  line,  reaiihiiiK,  where  the  conformation  of  the  coait  admite,  u . 
tax  down  tm  the  hi^heet  waves  an  thrown.  The  strip  between  this  line  and  the 
krel  of  the  lake  is  exposed  to  winds  and  waves,  and  destitate  of  soil,  except  what 
Mas  into  cracks  of  tlie  rocks,  or  is  letwned  in  some  ancient  pot-hole. 
'  Cunpannla  rotnndifolia.  L.  Harebell.  Var.  linifolia.  Both  oonunon,  and 
eicloBiTely  on  this  belt. 

PotentiJla  trideofota.  AH,  Becomes  lew  common  northward.  Is  most 
abundant  at  Duluth.    Grows  occaaionallT  inland. 

Potentilla  frncticoBa.  Hakes  its  fint  qtpeanuice  at  Knife  Biver;  grows  more 
Gonunon  Uience  northward.    Only  on  rocks,  and  more  rare  inland. 

Aster  giamminifolios.  Kniie  Biver,  and  nortiiward.  Ita  roots  an  firmlf  Mt 
into  the  cracks. 

Solidago  bicolor.    Takes  the  higher  and  more  favorable  pamtions. 

Primnla  Histassinica.  Wet  tavities  or  pot-boles,  osoallf  with  Junciu  and 
Droeera.     Common  on  flat  trap. 

Droseia  longifolia.    Same  as  precedinK- 

Jducus  alpinus.    Same  oa  pi«ceding, 

Itnbe,  arabjaans.    On  high  rocks. 

Batbara  vulgaris.    Sheltered  and  stony  beach  near  water  level  at  Putin  Bay. 

Arabia  Dnunmondii.    HiRti  walls  at  Caetle  panger. 

Achillea  Millefolimn.  Forms  a  white  fringe  along  the  timber  line.  The  most 
retired,  bot  always  in  its  place. 

Bhaumns  alnifolins.    L'Ber.    Buckthorn. 

Spinea  opwlifolia.  Very  common.  About  the  only  shnib  on  many  rocky 
shores;  dings  to  the  lowest  and  most  exposed  ones,  also  on  high  walls.  • 

Thuja  ocddentalis.  Not  so  commtxi  as  inland,  bat  maintains  its  bold  upon 
lifb  in  the  most  un&vorable  positions.  Often  the  raly  representative  of  the  vege- 
table kingdom  on  a  lone  rock  in  the  lake,  where  its  stem  and  branchet  pltunly 
indicate  the  direction  of  ibe  prevailing  winds  and  waves. 

Alnns  vindis.    Less  tbrifty  than  inland. 

Lilium  Fhiladelplucnm.    Occasionally  on  tt^. 

lAthynu  mantimua.    Gravelly  or  sandy  beaches. 

In  addition  to  ibe  above,  there  aie  three  apedes  of  Qraminea  which  have  not 
been  identified.    These  are  often  found  on  the  most  exposed  places. 

Additional  Species  identified  at  the  University,  by  B.  Juni. 

Fliacdia  bipinnatifida.  'Michx,    Near  campus. 
Draba  Cardinimi*.    Walt.    Abundant  on  campus. 
Atyasnm  caljcinnm.    L.    Aronnd  AgricQltnial  College.' 
Erodiom  dcotanum.    L'Htr.    Agricultaral  Ctdlege. 

Caioetina  aattva.    Cranbs.    Agricultural  College.     On^  two  ipednmi  found. 
JSxj  not  appear  a^ialn. 
Aster  mnltdflonu.    Ait.    Campna. 
Lychnis  vespertina.    ^SiA..    Near  campus.    Notvisdd. 
Oiybaphus  nyctagineous.    Sweet.    Campus. 
Acetate*  lanuginosa.    Dtcai»nt.    Near  campos. 
Veronica  po'igiina.    L.    Near  campus. 
lO'dum  Tulgare.    DtmiU.    Sidewalks,  E.  D.;  rare. 
Linaria  mlgaria.    Mm.    Common  on  University  Avenue. 
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Aiabu  hinnta.    Seop.    Common  on  the  bloffii. 

PraDU  pimula.    L.    Rue;  bluffs. 

Cnrdamine  hinnta.    L.    Brook. 

Eleoduris  palnstrU.    B.  Sr.    Brook. 

Bdipiu  validna.     Vaht.    Brook. 

Laiiijru  palnibiB.    L.    Near  tiie  brook. 

Troxitnon  cQtpidatum.    Punh.    Ft.  Snelling  to  Cbaaka. 

VeroMJca  Vuvituca-    L.    Wbite  Bear, 

Teronka  Americana.    Schteinibc.    Brook. 

Veronua  Bcatellata.    L.    Brook. 

Ascleioas  oraltfolia.    Desai*iie.    Wbito  Bear. 

Baphsia  tinctoria,    B.  Br.    White  Bear 

Scropliiilana  nodosa.    L.    Campos. 

Verbena  haetata.    Miehx.    Campna, 

"        nriJdfolia.    L.    Campoa. 

"        atricta.    VtiU.    CampQi. 

"        bracteoea.    MicKx.    Campni. 
Spirtea  opuiifolia.    L.    Blnffit. 
SolidaRO  odora.    AH.    Brook. 
Stipa  Bpirtea.    Trin.    Campui. 
Amphicarpnm.    Purthii,  Krtmth.    Campos. 


I        Backii.    Boott.  grannlans.    MtM. 

teretiawula    Ottcd.  Torreji,    Tuekemum. 

duticha.    Hudt.  flaccoipenna.    Dew. 

Tolpinoidea.    Miehx.  ([ittcilliiiia.    Seha. 

coDJunta.    Boott.  diKitalia.    WiUd. 

rosea.    Schk.  FennajlTanica.    Lam. 

tenella.    Schk.  BkhardKoiJi.    S.  Br. 

scoparia.    Schk.  pobescens.    Muhl. 

tenniflora.     WaU.  tnJIiawta.    MuU. 

■tellolata.    L.  laaaginoaa.    Uiekx. 

TnJgaris.    FW«.  h]«tricin&.     WUid. 

aquablia.    Wahl.  longiioetna.    Torr. 
aniea.    Nvtt. 

The  sedges  enumerated  above  have  been  found  in  the  vidnity  of  the  UniTer- 
si^.  Taking  into  acconnt  those  foond  on  the  north  shore,  there  have  been  in 
all  for^-iix  sedges  identified  t^e  past  summer,  full;  three-fourths  of  which  have 
not  heretofore  been  identified;  at  least  the;  were  not  published.  This  nnmber 
hj  no  means  represents  all  the  species  of  Carex  in  this  State.  The  sedges  sn 
commonly  not  distinguished  from  the  grasses  proper.  Thejr  form  a  large  part  tS 
the  food  for  cattle  and  wild  mmiuante,  especially  in  woody  distzicts. 
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VIIT. 

REPORT  ON  THE  GENERAL  MUSEUM. 


CONTAININa   IHB   OOLLBCnONS   OF  THB  SEOLOGICAL  USD  SATUBAI. 
HISTOBT  BtJEVBT  FOR  3878. 


By  N.  H.  Winchell,  Curator. 

Tbe  work  in  the  moBenm  has  been  carried  on  msinl?  in  the 
Ishoratory  of  the  Qeologiciil  Survey.  In  the  earlier  part  of  the 
Bnmmer  Mr.  Herrick  prepared  a  nnmber  of  thin  sectione  of  rock 
for  the  microscope,  collected  b;  the  survey  in  different  parts  of  the 
State,  The  excellent  lathe  of  Mr.  A,  A.  Julien,  purchased  for  this 
pnrpOK,  with  the  accompanying  apparatus,  has  proved  eminently 
nseful,  and  will  become  i>till  more  so  as  the  laboratory  work  of  the 
sarvey  progresses.  Later  in  the  summer  plants  and  birds  were 
added  to  the  museum  by  Mr.  Herrick  and  Mr.  Juni,  and  the  botan- 
ical collection  now  assumes  considerable  proportions.  At  the  same 
time  many  memoranda  of  unexpected  localitira,  and  variations  or 
peculiarity  in  species,  have  been  preserved  for  use  when  systematic 
work  on  these  collections  shall  be  attempted.  A  few  plants  from 
Iowa  have  been  obtained  of  Mr.  Roberts. 

Farther  collections  have  been  made  of  fossils  from  the  Trenton 
limestone,  and  also  from  the  so-called  "Northwestern  limestone"  of 
the  drift  in  the  vicinity  of  Minneapolb.  Mr.  Herrick's  ornitho- 
logical  notes  are  reported  to  Dr.  Hatch. 

On  the  return  of  parties  from  the  field-work  of  the  survey,  a 
systematic  examination  and  registration  of  the  material  gathered 
during  the  past  six  years,  not  previously  examined  and  reported, 
was  begnn  in  the  laboratory,  and  has  been  in  progress  up  to  the 
present  time.  These  comprised  about  two  hundred  boxes  and  mis- 
cellaneotu  packages  of  specimens,  some  of  which   will  reqoire 
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minnte  examination  and  stadj'.  This  is  true  particnlarly  of  the 
crystalline  rocks  of  the  northern  part  of  the  State.  For  the  pur- 
pose of  this  work,  and  owing  to  the  large  increase  of  the  number 
of  boxes  the  present  year,  another  room  in  the  basement  of  the 
University  was  occupied  by  order  ot  the  Executive  Committee,  and 
was  fitted  with  suitable  shelving  and  tables  for  storage  and  couTe- 
nient  handling.  The  accompanying  catalogue  shows  how  far  the 
registration  has  proceeded,  and  the  general  character  of  the  speci- 
mens BO  far  as  examined. 

At  the  same  time  the  work  of  mounting  the  Megatherium,  men- 
tioned in  the  last  report,  which  had  been  temporarily  re-stored  in  an 
empty  case  of  the  north  room,  was  begun,  and  as  much  time  given 
to  it  as  the  various  other  duties  of  the  Curator,  would  permit.  It 
vrill  require  some  weeks  farther  time,  but  it  wilt  not  be  long  now 
before  it  will  be  completely  set  up,  and  will  constitute  one  of  the 
chief  attractions  of  the  Museum. 

Mr.  W.  H.  Chambers,  a  student  in  the  University,  has  presented 
a  fine  specimen  of  Rock  Sturgeon  (Acipenser  mbicondos.  Le.  S.) 
taken  by  him  in  the  Missis«ippi,  near  the  University,  which  has 
been  mounted  by  Mr,  Wm,  Howling,  of  Minneapolis,  and  Is  on 
exhibition  in  the  Zoological  apartment  of  the  Museum. 

From  time  to  time  specimens  of  minerals  are  presented  to  the 
Museum-  These  will  be  found  acknowledged  in  the  following  cat- 
alogue. A  circular  relating  to  daplicates  in  the  Museum,  and  to 
exchanges  ibr  the  SMue,  was  issued  in  December,  for  distribution  to 
parties  desiring  exchange. 
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STATB    OSOLOaiST. 


appendix:  -A-. 


The  fbllowing:  Etre  the  ftiU  inefandioas  of  Uke  Execalive  Committee  ^Ten  to 
Prof.  Peckham,  after  amendment  so  bb  not  to  oome  into  conflict  with  the  plana 
ol  the  State  Geologist.  The  Bpedmens  gathered  during  the  progreu  of  the 
ezamiiialioiiB  of  Piof.  Peckbam,  tendered  to  the  Genaul  Uiuenm  b;  him  in  his 
lepOT^  wero  sabaeqaentl;  otherwiae  ditpoeed  of  by  him,  and  have  nOTer  been 
placed  in  the  caie  Ot  the  Curator. 

Btsolved,  That  Prof.  S.  F.  Peckham  be  instructed  t*  proceed  as  soon  as  possi- 
ble after  the  first  of  June  nest,  and  by  the  cheapest  conveyaDce,  to  Qnund  Port- 
age, Minn.,  and  establish  there  an  assc^  office,  in  the  bwt  accommodatioiu  tha4 
he  can  secore,  to  remain  onlil  about  S^>teinber  1st. 

He  shall  use  sndi  apparatus  as  the  UniTetsity  now  poa«esae«,  and  shall  procure, 
in  addition,  such  apparatus  as  may  be  neceaaar?. 

He  shall  aasay  any  ores  that  may  be  brought  to  him,  requiring  in  all  cases 
pre-payment  of  the  following  named  sums:  fbi  any  nnmber  of  assays  less  than 
three  (3)  four  doUare  each;  for  three  (3)  assays  for  the  same  part;  and  at  the 
same  time,  ten  dollars;  for  four  (4}  or  moro  assays  for  the  same  party  at  the 
same  Idme,  three  dollars  each. 

Any  parties  who  will  make  affidarit  that  Ihey  are  citizens  of  the  State  of  Hin- 
neeota,  and  that  their  ores  are  found  in  Minnesota,  giving  the  locality  where  ths 
ores  were  fonnd,  as  nearly  as  possible,  and  certifying  their  willingness  that  the 
results  may  be  published,  shall  be  charged  one-half  the  above  mentioned  prices. 
Specimens  submitted  by  the  State  Geologist,  shall  be  assayed  free  of  coat  to  pri- 
vate parties,  and  a  report  of  the  same  and  all  other  assays  and  investigations, 
not  for  private  parties,  shall  be  made  direct  to  tlie  State  Geologist, 

Payment  for  assi^  may  tie  made  in  specamens  of  minerals  or  ores  at  Prof. 
Peckham's  valuation. 

Prof.  Peckham  shall  advertise  in  the  St.  Paul  Pioneer  Press  and  in  the  Dnlnth 
immediately,  and  about  May  30th,  that  he  intends  to  go  to  Grand  Port- 
age, and  ^all  also  procuro  the  printing  of  fifty  posten,  which  he  shall  cause  to 
be  posted  in  conspicuous  places  in  Minneapolis,  St.  Paul  and  Dulnth. 

On  bis  return,  he  shall  make  a  report  to  the  President  of  the  University,  &x 
this  committee,  in  which  he  shall  show  all  receipts  and  diabursements  made  for 
the  University,  with  any  other  infonnation  that  he  may  consider  of  valne  to  this 
committee. 

He  shall  secure  the  services  of  Mr.  Bowman  as  his  assistant,  at  a  rate  not  to 
exceed  thirty  dollars  per  mouth  and  his  expenses, 
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80  jUTHTJAL  rkpoet. 

Hie  Bnm  of  two  hundred  doUan,  or  ao  much  of  it  bb  vasj  be  neceasaiy,  u 
hereby  appropriated  for  the  oae  of  Prof.  Peckboni  in  providuig  additionftl  appa- 
ratus, and  such  miecellaneouB  expensea  as  m^  be  neceesaiy. 

BpedmeDB  feathered  in  the  coune  of  these  examinationa,  ahall  be  placed  in 
the  General  Haseum,  but  aaeriea  aoitablefai  the  Museam  of  Technology,  m»y  be 
placed  there  after  the  General  Museum  has  been  supplied. 
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APPENDIX   B. 

Microscopic  Entomostraca, 

BY  C.  L.  EERBICK,  Laboratory  AnitUtrU. 
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■  Nbw  Hatsm,  Jamuaxx  8,  1879. 

Fmf.  N.  E.  Winehtll: 

BEARSmr  I  have  esamined  the  chapter  b;  Hr.  Heirick,  which  yoa  placed  in 
my  handi,  and  think  it  a  raloable  contribntion  to  science.  It  will  make  a  Texy 
appropiiate  addition,  it  appean  to  me,  to  the  Hinneeota  State  Keport,  becaose 
of  its  iUoetratinft  with  well-drawn  Sgnrea  and  good  deicriptiona  the  life  of  the 
&eah  water  of  Hie  State.  The  species  are  amontf  the  most  inteieatiDg  of  the 
minater  animali  of  the  waters,  and  have  a  wide  distribution  over  the  globe. 
Youn  buly, 

JAHE8  D.  DANA. 


Miuksapoub,  Hinn.,  Jahuabt  14, 1679. 

Gen.  a.  H.  SiMey,  Prttideni  of. the  Board  of  Stgtnts: 

I  herewith  commnnicate  to  the  Regente  an  illustrated  memoir  on  Uie  micro- 
scopic cmataceanB  of  fresh  wat«n  of  Minnesota,  as  a  contribution  on  the  Natmal 
History  of  the  State,  in  aooordauce  wiUi  law.  This  valaable  paper,  by  Ur.  C.  L. 
Herrick,  m  j  laboratory  awittant,  has  co«t  the  Surrey  nothing  more  than  the  nee 
of  ita  rooms  and  apparatos,  and  has  been  submitted  to  the  approval  of  Prof.  J. 
D.  Dana  of  New  ELaven,  who  indorses  it  as  a  Talnable  conlzibution  to  science, 
and  recommends  ita  pablication. 

Very  leepectfally, 

N.  H.  WINCHELL. 
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PREFACE. 

It  iB  with  the  kope  that  the  following  paper  may  be  of  service  to  wme  who, 

like  myeelf,  were  interested  in  the  tuuiy  and  varied  forma  fbnnd  in  every  sta^ 

naat  pool  as  well  as  in  the  lakes  and  ponds  of  our  coantry,  but  who  were  unable 

'    to  find  an;  connected  account  of  them,  that  it  is  offered  to  Buch,  as  a  oontrihatioil 

toward  a  better  understanding'  of  a  little  known  order  of  the  natural  kingdoms. 

The  lakes  within  a  radius  of  t«n  miles  of  Minneapolis  have  iumiBhed  all  the 
material  examined,  and  the  supply  is  not  eihansted  by  any  means.  It  is  only 
hoped  to  so  outline  the  eiteut  and  limits  of  this  division  of  animal  life  that  it  will 
be  less  difficult  to  plaoe  the  forma  found  from  time  to  time,  in  approiiniately 
their  taiie  podlion. 

Witii  very  few  eiceptioiiB,  aa  f^  as  has  been  ascertained,  no  one  has  devoted 
any  attentioD  to  the  &esh  water  EtUomoetraca  of  America,  and  it  is  necessary  for 
some  one  to  act  as  a  pioneer,  to  learn  whether  any  of  the  forms  described  in 
Europe  appear  here,  and  to  discover,  if  possible,  if  there  be  a  general  similarity 
between  these  widely  separated  faunra.  This  has  been  the  ambition  of  the  pres- 
ent writer;  and  if  only  an  intelligent  attention  be  directed  to  tlus  field,  he  wiU 
feel  abundantly  repaid  for  the  attempt. 

llie  works  consulted  were  Dana's  "  Report  of  Uie  Crustaceans  collected  during 
the  Wilkes  Exploring  Eipodition  to  the  PadGc  Ocean",  Dr.  W.  Baird's  "  Brit- 
ish Entomostiaca,"  "  Report  of  U.  S.  Fish  Commission,''  papers  in  "  Hoyden's 
Survey  of  the  Territories",  and  pliers  in  the  American  Naturalist  and  other  peri- 
odicals. Many  tJianks  are  dne  to  Prof.  N.  H.  Winchell,  director  of  the  State 
Geological  Survey,  for  assistance  and  advice  in  many  wi^s;  to  President  W.  W. 
Folwell,  and  Dr.  P.  L.  Hal^,  Ibr  asaiBtaAce  and  intellig^t  sympathy,  and  to 
fellow  members  of  the  "  Naturalist's  Clob." 

That  there  will  be  found  mistakes  in  the  work  is  to  be  expected,  but  it  is  hoped 
that  the  information  will  be  reliable  in  the  main. 

It  is  hot  without  hesitation  that,  as  a  novice  in  scientific  investigation,  names 
are  suggested  for  the  new  spedes  found,  but  the  purpose  of  Uiis  paper  will  be 
best  served  by  defining  as  well  as  possible  these  forms,  and  submitting  Uiem  to 
the  test  of  further  Bind; ;  andif  in  the  future  more  experience  and  greater  research 
cwi  be  bronght  to  bear  upon  this  domain,  theae  preliminary  notes  will  perli^w 
not  be  without  their  value.  Th«  drnwings  were  all  made  by  the  writer,  in  most 
cases  from  life,  though  some  details  have  been  introdaoed  from  the  woriu  con- 
sulted, and  Uie  plate  of  Pkyllopoda  was  collected  from  the  government  reports 
and  elsewhere.  Cleamesa  in  outline  and  detail  rather  than  beftaty  in  execution 
vras  the  dendentum. 

0.  L.  EERRICE. 


D.gitizecbyG00glc 


ANNUAL  REPORT. 


INTRODUCTION. 

BHTOUOBTRACA. 

The  name  was  derived  fTOm  two  (^reek  wordi  meanins  insetA  and  shell,  hj 
OUiO  F.  Muller,  and  applied  by  hiiiiIiihis"£n(onMfriii»i"(i785)to  the&DimaU 
which  had  hitherto  been  all  ccmpriied  in  Tjtiiiffiai'  ftenua  Monoenlua,  named 
from  the  tappoaition  that  they  all  ponessed  but  one  eye.  The  name  ''  Branchi- 
fode*''  was  also  pniposed,  )<nd  would  have  been  appropriate  enonub,  but  Muller 
sappoeed  that  the  branchial  appeudajte*  whiuh  aufrgested  the  name,  were  want- 
ing in  Cgthere,  etc.  MuUer.  aside  from  naming  tlie  gnnip,  was  the  fiist  to 
arranKe  these  animals  in  anything  like  a  systematic  classification,  and  collected  a 
great  deal  of  iotereating  information.  Sincp  his  time  BCTeral  authors  haie  writ- 
ten upon  these  int«reBtJng  animals  in  Europe,  but  with  a  few  exceptions  no  sys- 
tematic work  on  Cntomostraca  has  appeared  in  Enfcliab. 

Dr.  W,  Baird  published  in  IB50  a  superb  work  on  the  Entomostraca  of  Great 
Britain,  which  is  atill  the  beat  thing  in  the  Engliah  language.  But  amce  Jba 
woik  waa  published,  many  additions  have  been  made  to  our  knowledge.  In 
Prof.  J.  D.  Dana'a  magnificent  work  on  the  Crustacea  found  in  the  "Wilkes 
Exploring  Expedition",  many  new  apecifla  are  described,  and  a  revised  classifica- 
tion for  the  whole  order  ig  proposed.  In  this  work  every  known  genus  was  char- 
acterized. Since  then  additions  of  new  specif  have  been  paUished  by  various 
authors,  and  are  scattered  through  the  reports  of  various  societies.  Moreover, 
recent  studies  in  Embryology  have  thrown  new  light  on  the  cUasificatian  of  all 
the  lower  animals,  and  many  changes  are  necessaiy,  but  it  is  not  poesible  at  this 
stage  of  the  study  t«  attempt  a 

STSTEM&TtC    ABHAMOBMEBT 

of  this  order.  We  shall  follow  quite  closely  Dana's  system  as  being  moat  com- 
plete. 

The  following  changes,  which  will  not  affect  essentially  Ihe  nomenclature  used 
must  be  indicated  as  the  necessary  result  of  modem  research : 

].  The  Merostmnata,  or  King  Ciab  group,  which  contains  the  modem  genus 
Xiimulut  (Horseshoe  Crab)  and  the  ancient  Evrypteridm,  etc.,  which  was  con- 
sidered by  Dana  a  sub-order  of  Entomostmoi  has  by  lucent  writers  been  regarded 
as  a  distinct  order  intermediate  between  the  TrilobUa  (which  Dana  included 
with  the  sub-classes  Chore4dopoda  and  Entromoetraea  in  the  class  Edriophthalmia 
or  Tetradecapoda)  and  the  Btdomottraca. 

Trilobita  now  stands  at  the  foot  of  the  sub-kingdom,  its  inferiority  in  tank 
being  assumed  fkim  the  inferiority  in  point  of  time. 

The  Cormoatomaia  (including  FacUopoda  or  Epizoa)  baa  been  onited  with 
Copepoda  (Cyclopacea)  thus  doing  away  with  the  sub-orders  in  Elntemoslraca. 
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The  Ftctoftraea  (uicludinji  Phizocephakt  and  cinipeda  (bamadeK)  have  been 
asagned  a  place  among  the  EntomMtiaca  from  facta  learned  reg;arding  theii 
development.  'Hiese  cnutaceani  have  been  tossed  ftom  one  divudon  to  anotlieT 
till  (bey  onfrfat,  it  would  seem,  to  find  a  penndnent  resting  place.  First  coneid- 
ered  mollaiks,  tbe;  have  now  taken  their  position  among  the  lower  crustaceuu. 
These  creature*,  which  are  at  maturity  firmly  cementeJ  to  foreign  bodies,  and  am 
indoaed  in  a  hard  shell-like  test  have,  in  their  earlier  stages,  forms  resembling 
Uie  "Nauplis"  stage  of  Cylcpg  (see  plai«  in.)  and  also  a  stage  resembling  the 
mature  Cypria. 

It  is  DOW  known  that,  as  Huiley  expresses  it,  "  the  barnacle  is  a  crustacean 
fixed  by  its  head  and  kicking  its  food  into  its  mouth.''  The  attachment  of  the 
head  finds  a  paiallel  in  the  f^enus  Sxda  (se«  heyond),  whidi  contains  animab  that 
can  attach  themselves  at  will  to  bodies  by  a  sucker- like  disk  on  the  tiead,  corres- 
ponding to  the  pedicle  of  Ihe  barnacles.  As  the  barnacles  and  epizoa  have  not 
been  observed  no  further  mention  will  be  made  of  them  in  this  connection. 

The  foUowinjr  table  from  Huiley's  Anatomy  of  Invertebrates  will  perh^ts  be 
usefnl  for  reference, 

(Articulates  or) 

ARTHROPOD  A. 


Without  mandncatoty  appendases  (GtialhiM) 
Trilobata.  Ta3:digra«la(?)  Fentastonuda(  ?) 


With  maxilltfbrm  goaUiites. 
Entomostraca.  Hyriapoda. 

Malacoatraca.  Insecta. 


Water-bteathen.  Air-breathers. 


For  the  most  part 

The  extent  of  the  Sfitoinosfraca  has  been  outlined  above,  and  the  JIfaEiKVffraiTa 
includes  the  remainder  of  the  crustaceans,  viz:  those  included  by  Dana  nndor 
Podophthalmia  and  the  order  Ch&rulopoda  of  EdrioplUhalmia,  thus  embracing 
crabs,  shrimp*  and  allthe  higher  crustaceans,  whose  body  consists  (almost  alw^s) 
of  twenty  segments  (somnites)  of  which  sii  consbtate  the  head,  and  bear,  respect- 
ively, the  ^ea,  superior  antenne,  inferior  antenna;,  mandibles,  and  two  pair  of 
maxillfe.  Of  the  remiuning  somnites  eight  pertain  to  the  thorax,  and  carry  the 
foot  jaws  and  waUdng  limbs,  while  six  aie  abdominal  and  bear  swimming  limbs. 
These  higher  forms  do  not  go  through  the  Nauplius  stage  in  their  development, 
as  do  the  Ettlomostraca. 
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CBARACTEBS  OP  ENTOMOBTBAC&. 


The  Crustaceans  of  this  order  are  quite  Torious  in  form,  habits  and  internal 
structure.  The;  poasesa  specialized  jawa,  but  tliere  are  never  more  than  three 
pairs  of  qoalitiee,  while  in  the  higher  orders  there  are  often  sis. 

The  somnites  of  the  abdomen  (that  portion  of  the  body  posterior  to  the  genital 
aperture)  are  devoid  of  appenda^fea.  Though  the  Btndf  of  these  MnTniiilii  ig  ver; 
fiiMinatuiff  amd  instructive  the  tnsk  is  a  difficult  one,  both  on  account  of  the 
minnte  size  of  most  of  them  and  the  great  difficulty  of  BBCertoining  irilh 
what  organs  of  the  higher  forms  some  of  the  novel  instramenta  seen  are 
homologouB.  The  curious  misapprehensions  and  inaccuracies  into  which  authors 
have  fallen  Btill  further  complicates  the  matter. 

The  descriptions  of  these  organs,  and  their  functions,  must  be  talcen  up  under 
the  divisions  of  the  order  and  treated  separately.  The  process  of  reproduction 
is  partjcolarly  interesting  in  this  group,  for  we  have  numerous  instances  of 
agamogenesis  and  the  PtttoHraea  are  hermaphrodites  peculiarly  modtSed  Al- 
ternate generation  will  tie  spoken  of  more  particularly  under  tiie  Daphnioidta. 
Th^  species  described  have  all  been  collected  and  compared  with  descriptionB  of 
ptevjoua  authors,  the  new  species,  it  is  hoped,  will  be  found  suffidentty  well 
defined  in  connection  with  the  figures  given  te  permit  of  a  read;  identification. 

The  following  table  of  the  families  of  the  order  will  be  ueeM  for  reference, 
while  the  characters  upon  which  they  are  founded,  and  synonyma,  will  be  found 
in  theii  appropriate  places. 

TABULAR  VIEW  OP  ENTOMOSTRACA. 

OSDER  ENTOMOSTRACA. 

LEGION  I.    LOPHYROPODA. 

TRIBE  I.    CTCLOPOiDBA  (here  used  as  equal  t«  Coptpoda  with  the  P<Bcilcpoia 
.  among  he  Cormoitomata  (or  Episoa.) 
Family  1.    Calauidie. 
Family  2.    Cyclopidie. 
Family  3.    Corycaidee. 
Epizoa? 

TBiBB  ,11.    DAPBRioiDX.     (Cladocera.) 

Family  1.  Penilidee. 

Family  2.  Daphnids. 

Family  3.  BosminidK. 

Family  4.  Polyphemide. 

TRIBE  Itl.      CTPRIDA. 

Family  1.    Cypridsi. 

StA-famSif  a.    CjprintB.    (Cyprid*  Bd.) 

Sub-famUv  b.    Cythrinse.    (Cythridie  Bd.) 
Family  2.    Halocypridffi. 

Svh-famili/  a.    Cypridininse.    [Cypridinadte  Bd.) 

SiA-famUy  b.    Halocyprinie. 

Digitiz 
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LEGION  II.     PHTLLOPODA. 

TRIBK  I.     AKTEUIOtDBA. 

famii;  1.    Artamiadse.    (Braochipodida.) 
Famil;  2.    NebeliocUe. 

TBIBK  n.     APODIDA. 

Familj  I.    Apodidn. 

TBIBK  lU.     LIIOIADIOID^. 

ffamily  1        Tn'mnaHiriff 

Note — Otiier  genen  have  been  added  to  those  ^veu  bj  Daoo,  and  chaagw 
made.    Tlie  fomil;  Estheri&dffi  seems,  bowevai,  U>  be  eqaifalent  to  limnadidra. 

LEGION  I.    LOPHTBOPODA.  * 

Bibliography. — Lophyropa,  Latreille,  Cut.  Refrne  An.,  18T7; 

Lopbyropoda  (in  put),  Lmck,  Diet.  Sd.  Nat.,  XIV.,  554. 

Gray,  Cat.  Brit.  Cniit.  Brit.  Mw8.,  1850, 

100. 

Baud  Brit,  Entomoet.,  138. 

Cramchiopodee  fraoges  (in  part),  Lamark,  Hiat.  Ane.  Tett. 
Chametert. — Feet  normal  and  not  greaUj  mnltipUed  in  nnmber, 

TBIBK  I.     CICLOPOIDSA. 

BibUojfraphj/. — Canauoida  (in  .part),  Latrtille. 

Copepodeg,  Edward*,  Crurt.,  iii.,  4U. 

Copepoda,  Baird,  Trans.  Berw.  Clnb,  ii.,  1?75. 

Baird,  Brit.  Entomost.,  182. 

Copbyropoda,  Burmeigfer,  Orftaniz.  of  Trilobitee. 

Copepodita,  Gray,  Cat.  Brit.  Cniat.  Brit.  Mqb.,  1850. 

Crustacea  copepoda  (C;clopacea),  Dann,  Proc.  Ardes.   Acad.  Set. 
and  Art.,  1847. 

Cycbpoidea,  Dana,  Rep.  Wilkes'  Exp.  Ex.,  p.  1020. 
CkaraeUra. — Body  elongate,    sbaight,  never  incurved.     Gephalollioraz  and 

abdomen  with  few  joints.    Feet  and  jaws  IS  to  18.    The  S-10 

poslaioc  Uioradc  faet  are  double,  foliacecus,  with  tbe  last  oileo 

prehoiaile. 

Tbia  is  a  very  extenaiTe  and  widely  diatribated  divirion,  and  there  is  a  greater 
uni^  of  plan  seen  in  the  stracture  of  tiie  animals  comprised  in  it  than  in  other 
divisions  of  similar  importance.  These  creatures  are  distributed  orer  the  worid, 
in  both  beab  and  salt  water,  and  the  numbers  may  doubtless  be  reckoned  by 

thousands,  but  little  attention  has  been  devoted  to  the  suttject,  and  our  bnowl* 
edge  is  quite  meagre. 
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The  Qrdoixnijea  ara  considered  Uie  hiKhert  gnup  in  the  order,  approadiinsr 
the  Hacroiml  Crnstacetuu.  The  body  ii  not  corered  by  a  carapace,  m  in  the 
following  tubes,  and  the  abdomen  ia  extended  in  the  same  line  as  the  body,  and 
not  incurred  aa  in  Daphnioidea,  etc.  The  abdomen  is  tenninat«d  bj  two  sirletB 
which  bear  serenl  «et>e.  If  the  Epizoa  are  to  be  admitted  into  this  tribe,  oerban 
modifications  would  be  necessary,  which  we  need  not  discusa. 

The  cephalothorax  in  composed  of  fnim  four  to  saren  segments.  In  those  ipe- 
dei  ha.Tinf(  four  segments,  the  first  bears  the  Snt  and  Becon4  antannce,  mandi- 
bles, maxiltEB,  nuoillipodB,  first  feet  and  one  pair  of  natatorial  feet,  while  the 
foUowiufT  Uuee  cany  the  renLoining  pairs  of  natotoies. 

Eyes  of  the  three  kinds:  I.  A  pair  of  simple  internal  eyes  with  spheiical  lenses, 
which  ate  the  ordinary  kind.  These  are  usually  united  near  the  front  in  a  single 
very  small  spot,  though  they  are  sometimei  remote. 

2.  A  pail  in  an  eleration  on  the  under  side  of  the  head  between  the  antenme. 
The  ^gment  i*  often  like  a  piece  of  solid  indifio. 

3.  A  pair  of  simple  eyes  consisting  of  an  internal  prolate  lens  situated  at  the 
exbemi^  of  a  vermiform  man  of  pigment  and  of  a  large  oblate,  lens-shaped 
camea.    This  kind  of  eye  is  found  in  the  Corycffiid(B. 

Antenna!.  The  antenuse  ate  of  two  paiis,  of  which  the  superior  are  o^aas  of 
locomotion,  and  usually  ore  long  and  powerhil.  In  the  males  of  many  species 
one  or  both  are  modified  to  form  a  joint  by  which  the  female  is  held  dudng 
coititm.    These  modifications  are  often  of  generic  importance. 

The  secondary  antenntfi'  are  satgected  to  greater  changes  and  serre  various 
fkmdjons.  Sometimes  they  an  simple^  in  other  spedes  they  have  two  rami. 
They  are  otten  prehensile,  and  when  simple  the  setce  at  the  end  ore  movable  so 
that  they  assist  the  animal  to  creep  on  snribxs. 

TA«  mo%Uh  is  sitoated  in  the  posterior  aspect  of  a  low  prominence  beneath  the 
head. 

Tht  mandiblet  are  Torionsly  modifier!. 

The  maxHia  are  one  to  four  jointed  organs. 

The  maxillipede  are  always  simple,  or  if  divided  the  branch  is  rudimentaiy. 

Anterior  pair  of  legg  (or  tteond  maxillipede).  These  organs  vary  greatly  in 
form,  and  aSotd  means  of  generic  dassificatioi),  and  will  be  desoibed  under  their 
^propriate  heads. 

liatattnyftet.  These  ore  similar  t»  those  of  other  Entoma«tn>ca,t)eaiing  setts 
for  locomotion.  There  an  four  pain,  and  sometime*  a  prehaisile  or  abortive 
pair  following. 

The  heart  is  situated  in  the  posterior  part  of  the  thoras,  and  the  calculation 
may  be  watched  as  the  blood  gjobnles  circulate  between  the  tassuee;  particaladf 
in  some  trnnsparent  species  of  Calanidn  theae  may  be  well  tiwsed  in  the  thorax. 

NerroM  lystem.    A  large  ganglion  exists  over  the  mouth,  and  snmands  the 


This  tribe  includes  three  families,  as  given  by  Dana,  but  the  Epizoa  most  prob- 
ably be  included  also.    The  &milr  CoryemidtB  is  oceanic,  and  no  n      ~ 
becD  found  in  our  locality. 


Bibliography.— Daita.  Wilkes'  Eiplor.  Ex,,  p.  1039. 

Charaelert. — Eyes  often  of  two  kinds,  the  upper  pair  being  umple  and  minnle, 
with  their  pigments  either  separate  or  collected  into  one.    In 
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some  Bpeirea  there  it  another  pctir  beneath,  with  joined  pigments. 

MandibiM  and  mazilliB  etongate,  canyinff  a  palpoB,  which  is  fbr- 

niahed  with  tette.    Ova  rac  one.    First  pair  of  onteniuB  long, 

nnappendaKedi  the  right  or  neither  having:  a  gemcohitiiig  joint. 

Feet  of  the  first  pair  never  tub- prehensile  at  the  end. 

The  Calanidn  are  divided  into  three  sab-funilies.  only  one  of  which  has  been 

fovnd  to  be  represented  in  our  locality,  however,  the  claaufication  will  be  iudi- 

cat«d. 

SuB-FAMiLT  1.  Calahira. — Abdomen  of  moderate  length,  inferior  pair  of 
eyes  wanting.  Right  superiar  antennn  of  male  without  a  genicolatdog  joint. 
Secondary  antannEe  tetigeroiu  at  the  end. 

Genas  1.    Calauos,  Leach;  Dana. 
Genus  2.    Rhine*)  mins,  Dana. 
tronoB  3.    CetoohiluB,  Qoodtir. 
Genus  4.    Eochsta,  Pkilippi. 
Genns  b.    Undina,  Dana. 
SDB-rAini.r  2.    Oithosiha. — Al>domen  linear  produced,  Marcely  shorter 
than  the  cephalothoiai.    Inferior  eyes  wanting.    Haxille  dif^tate  on  the  interior 
margin.    Superior  antenun  long,  few-jomted;  right  male  antenna  not  gemcnlate 
nor  movable  in  an  angle. 

ScB-FAHiLT  3.  PoNTELLi5£.— Abdomen  of  mo#Mate  length.  Eyes  some- 
times of  two  kinds.  Antenna  long  and,  in  all  the  genera  but  Acartia,  having  a 
geniculating  joint.  Second  ant«nnEe  eetie-bearing  at  the  end.  Foeteiior  feet  of 
the  male  thick;  the  right  prehensile.  • 

Genosl.    Diaptomus,  fVtsUcood. 
Genus  2.    Hemicalanus,  Dana. 
Genus  3.    Uandace,  Dana. 
GenQB  4.     Acartia.  Dana. 
Genus  5.    Pontella,  [Ponfia,  Edmarda). 
UennsC.    Catopia.  Dana. 

Genu*  Diaptomus,  Westwood. 

Bibliography. — Monoculus,  Linnteut,  Fabricius  Jurine,  etc. 

Cyclops,  Muller,  Desmarett,  Manutl,  etc. 

Diaptomus,  J.O.  We»Uoood,  Partington's  Cyd.  Nat.  Hist.,  Ento- 
mologist's Text-book,  1838. 

W.  Baird,  Brit.  Entomost.,  p.  219. 

J.  D.  Dana,  Rep.  WUkes'  Expl.  Et,  p.  104S. 

Cydopeina,  M.  Edwardt,  1840. 

Philippi,  1843. 

Baird,  Zoologist,  i.  56:  Trans.  Berw.  Claib. 

Dana,  Froc,  Amer.  Acad.  Art  and  Sd. 

Omethina,    r«m;il<toii,  Tiaos.Ent.  Soc.,  ii.,  118,  183S. 

Brotcas,       Z,orvn,>Kougl.  ret.  Akad.  Hand!.,  1845,  p.  486. 
Charaeters. — The  smaller  ramus  of  the  secondary  antennte  ux  to  seven  jointed. 

Maxillipeds  scarcely  less,  often  larger  than  the  first  pair  of  feet. 

Posterior  pair  of  feet  m  the  male  ti)ick,  the  right  prehensile, 

those  of  the  female  long  and  different  from  Uie  preceding  paus. 

Ova  sac  one. 
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Of  the  two  speclei)  here  deacribed,  one  is  certaiulj  a  member  of  thi«  genns, 
while  the  other  la  in  ihh^j  respects  more  like  Daos's  genui  Htmieaiatuu,  which 
differs  from  Diaptomut  in  not  having  the  poeterior  feet  of  the  female  large  and 
Btont  and  the  shorter  branch  of  the  secondary  antennEe  without  the  numeroiu 
joints.  The  xpecies  of  Hemiedlanut  are  alao  oceanic,  and  none  were  seen  b)  have 
OTB  BBca.  Both  ont  species  have  Ritigle  ova  sacs,  whiie  one  is  not  eridentt; 
fuminhed  witb  the  plurality  of  articutatioiui  to  wcond  antenns.  Not  having 
given  a  lull  account  of  the  family,  it  may  be  well  to  incorporate  a  more 
general  wiib  the  tecbmcat  description.  These  animals  are  usoallr  small, 
seldom  reaching  one-fourth  of  an  inch,  but  oommonly  appearing  as  mete 
specks  in  the  water.  The  bodj  is  canoe-shaped,  and  divided  into  two 
portioos.  The  main  portion,  or  c«phalotbonu,  is  osually  mnch  the  longest. 
The  antenne  are  the  organs  of  locomotion,  being  need  aa  oais  in  the  same  man- 
ner as  the  "  wateT'boBtmun,''  etc.,  use  the  feet.  The  posterior  pair  of  feet  vary 
with  the  sexes,  as  described  above,  the  four  following  pain  are  swimnung  organs, 
white  Uie  anterior  pair  are  modified  and  tamed  forward. 

The  cephalothotax  is  more  often  seven  jointed  in  PoiUtllinw  than  in  the  Col- 
aninm  but  this  is  not  a  constant  character. 

Dliptomus  longloornls,  Eeirick.* 

• 

This  specdes  is  very  near  to  D.  eaator  and  may,  indeed,  be  a  variety  of  that 
■pedes,  it  differs,  however,  in  shape  and  color  fkvn  figures  of  that  spedee,  and 
(he  m&xilln,  and  antennce  differ  considerably.  Cephalothorax  rather  long,  nar* 
rowly  oval,  sii-jointed;  nuperior  antennte,  rather  long  but  they  are  not  CTrved 
as  represented  in  Dr.  Baird'e  Sgares  of  D.  ecuU>r,  The  male  right  antenna  has 
a  geniculating  Joint  at  the  thirteenth  segment  which  is  aimed  with  a  constdeiable 
curved  spine;  the  joints  following  aie  more  or  lees  enlaced  and  so metimee  coa- 
lesce, forming  in  extreme  cases  a  monstrosity  as  represented  in  Geot.  and  Nat. 
Hitt.  Rep.  for  1876.  The  secondaiy  antenna  are  two  branched,  the  outer  lamus  ' 
being  three-jointed  and  anned  at  the  extremity  with  three  carved  spines,  form- 
ing a.  sort  of  hand,  the  middle  segment  also  bean  a  number  of  sets  on  the  inner 
margin,  the  minor  ramas  ie  six  or  seven-jointed,  though  it  appears  three- jointed 
at  first,  the  middle  segment  being  sub-divided.  The  head  is  produced  into  a 
beak  m  front  but  it  is  much  smaller  than  in  the  fbllowing. 

The  maxillepedes  (or  first  pair  of  feet)  are  of  three  portions,  the  latter  two 
bearing  sete  which  are  directed  towards  the  bead,  tiie  final  diviiioa  it  composed 
of  abont  eix  small  joints  each  bearing  a  tnft  of  the  sete.  The  remaining  pairs 
of  feet  are  alike,  each  having  two  setigiferous  rami.  In  the  female  the  fifth  pair 
of  feet  are  prehensile  and  stout,  those  of  the  male  are  onlike,  the  right  being 
long  and  the  oUier  rudimentary. 

This  epedee  is  very  brilliantly  colored,  the  taps  of  the  aotennte  and  last  eeg- 
ments  of  the  abdomen  are  a  fine  bluish  pnrple,  while  the  body  is  variegated  with 
red,  yellow  and  purple.  The  mass  of  eggs  is  also  a  beautiful  red.  Only  one 
locality  is  known  to  contain  the  creatine,  thoagh  it  may  be  abundant  in  the  mon 
manhy  pools.  In  the  Rep.  of  the  Oeol.  8urv.  of  Minn,  for  18T8  it  was  men- 
tioned and  a  figure  given,  but  erroneously  called  cyclops.    (See  plate  I.) 

•See  D.  sanguineus,  Forbt*  in  III.  8Mte  Mus.  Kep.  i 
parently,  lu  several  laspects,  natably  as  to  color,  bi 
allied. 
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Diaptomui  pallldut,  Hemck. 

A  mora  abundant  form  than  the  above,  tbotigh  leea  strikinff  in  appeantnce,  ia 
the  creatore  for  which  thia  name  is  sudgeBtad.  The  cephalothorax  U  more 
elongate  and  has  but  five  segments.  The  ontennte  are  mach  longer,  conBiderably 
eioeeding  the  lx>dj  in  some  Bpedmena.  The  Joints  of  the  antenne  following 
the  genicolating  joint  aifi  not  united  or  modified,  neither  in  there  an  appen- 
dage t«  the  segment  immediately  preceding.  The  whole  bod;  is  slender  and 
sraceful,  vesembiiug  Hentiealanua  but  the  fifUi  pair  of  feet  is  not  obsolescent. 
The  Mcondaiy  anlennte  were  not  noticed  to  have  the  maltiplied  intermediate 
oints  in  the  minor  ramus,  bat  such  ma;  be  the  case. 

Thia  animal  abonnds  in  the  larger  lakes,  and  seems  to  prefer  pare  wat«r,  while 
the  other  is  fonnd  in  more  atagnan  twater.  These  creatures  are  not  found  infested 
by  bell  animalcules  and  desmlds  as  is  the  cyclops,  probably  from  their  rapid 
motjona  and  the  nature  of  their  haunts. 

D.  pallidua  may  be  at  once  diatinguiahed  from  longieomit  by  its  lacking  the 
briUiant  coloring  of  the  other,  it  beine  quit«  coiorleas,  and  by  its  smaller  size. 

D.  longicoriiis  ia  60- 1000  inch  in  length,  while  the  speciea  in  queation  rarely 
exceeds  40-1000  inch.  The  eye  in  this  species  is  also  lees  conspicnous.  (See 
plate  11.) 

FAMILY  II.    Cyolopidtt. 

Bibliography.— Dam,  Rep.  Wilkes'  Eip.  Ej.,  Vol.  XIV.  Part  2,  p.  1039. 
Charaeters. — Eyes  amail,  aimple,  nauallj  with  united  pigments.      Mandiblea 
with  a  small  or  obsolete  palpus  and  few  sete.     Ova  sacs  one  or 
two.    Pniaary  itntennte,  ott«n  appendaged.     Both  or  neither  of 
the  male  anlennie  seniculate.    Feet  of  the  first  pair  mora  or  leas 
prehensile  at  the  end. 
The  prehensile  character  of  the  first  pair  of  legs  is  chosen  by  Dana  a*  &e  chief 
'   characteristic  of  the  family;  these  organs  aometimea  being  perfectly  prehensile, 
with  a  perfect  monodactyle  hand,  which  never  occars  in  CalanidEe.    These  ani- 
mus often  posaeas  appendagt^  to  the  first  and  second  segments  of  the  abdomen, 
as  see  plate  of  Cartlhoeamptus, 

The  cephalothorai  haa  little  variation  in  atnictore,  having  either  four  or  five 
segmenbt.  The  anterior  ant4<nnK  are  more  often  much  shorter  than  the  body, 
and  if  either  of  them  is  modified  in  the  male,  both  of  them  have  a  genicnlalang 
point.  The  abdomen  ia  five  or  lii  jointed,  and  may  or  not  be  abruptly  smaller 
than  the  oephalothorax,  which  fact  forms  a  basis  for  generic  distinction. 

The  genus  Cyclops  poHBeases  two  ova  sacs,  while  the  ren  aining  genera,  so  &r 
as  known,  have  bnt  one.  This  leads  to  the  division  of  the  family  into  the  two 
leading  sub-families.  The  third  sub-fiuuily  is  founde  I  by  Dana  upon  some 
tt^phiiina-Uke  species  of  doubtful  affinitiei,  described  by  H.  D.  S.  Ooodsir. 

Sub-family  1  Gydopintx,    Dana. 
Charaeters. — Ova  sacs  two. 

QeuuB  1.    Cyclops,  ifulhr. 
?  Genns  2.    Cyclopina,  Claiu' 

'  rrhere  are  a  conMderable  number  of  genera  ot  the  tallowing  sub-fanilUes.  «te..  men- 
tlone<I  In  Clans'  "Zoologle",  which  ars,  lor  the  most  part,  not  described.  Since  I 
have  not  been  able  to  oousult  the  works  In  which  the;  are  denned,  and  since  he  seems 
not  to  reoosnlte  msa)-  al  tbo-e  described  by  Dana,  aiid  to  dlsreKard  his  elasslfli'sMon, 

the  declpberlng  ot  their  relation  and  altuatloo  will  not  be  ultenipted  bere. 
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?  GenoH  3.    PsAmmatbi,  Philippi,  Aichiv.  for  Natnrgeachicte. 
?  Genus  4.    Idoment:,  Philippi,  "        "  " 

?  Genus  5.    EurTte,  Fhilip]n,  "       "  " 

GESoe  I.    Cyclop*.  ^ 

Bibliograpky.—{^e»  CTclops  quadrioomiB.) 

C&oniciw-s.— Cephaiothotax  Four-joiated.  Anterior  antennn  of  the  female  not 
appendatted;  of  tlte  malu  both  iceniculHte-  Appettdag«  at  the 
base  of  ubdomen  amatl.  Body  Bul>-c;liiidrical.  Feet  of  the  fint 
pair  diJiictjle. 

llie  TariouB  spedea  of  this  genus  ate  found  in  inland  wateis  the  world  OTer, 
beins  essentiaJl;  fresb  irater  animals,  in  a  few  msee  only  inhabiting  water  a 
little  blackish.  They  are  amon?  tne  moet  abundant  of  alt  the  indiTidoals  of  the 
order,  every  standng  pool  abounding  in  them;  they  an  also  eztiemely  variable 
both  in  dijl'erent  stages  of  the  same  animal,  in  the  different  seies  and  in  diffeirat 
locahtiea. 

The  yonng  stages  of  Cyclope  have  been  named  as  distinct  species,  in  so  ^  that 
the  same  animal  has  been  honors  with  three  or  four  different  titles  betweat 
birth  and  maturi^.  In  our  own  locality  many  forma  have  been  found,  and  it  is 
quite  Uhely  that  cai«ful  study  would  enable  un  m  diatingniHh  several  species  and 
nnmerouB  varieties,  but  such  is  the  extreme  variability  of  the  one  known  to  exist 
here,  that  it  is  not  now  possible  to  draw  a  dividinif  line  between  the  varyinc 
forms,  so  that  all  that  is  attempted  is  to  Kive  a  general  view  of  the  species,  and 
leave  farther  definition  fbr  mgre  minute  invcstii^ation. 

Cyolops  quadrloornli,  Muller. 

Biblhffraphy. — Uonoculas  quadricornis,  Linnanit,  Gmtlin,  ScopoU,  Fahrieitu, 
Jurine,  Suher,  Donovan,  Blummbach,  Manuel,  Barbul,  Shav. 

Monocului  apus,  Poda. 

Le  Monocle  ^querie  fourchue,  Geoffroy. 

Le  Monocle  &  quatre  comes.  De  Getr. 

Cyclopa  quadricomia,  MulUr,  Zool.  Dan.  Prod.,  2416, 1776. 

Samdhor,  LatreilU,  Uox,  Lamarck,  Baird,  Ltac\, 

Koch. 

Baird,  Brit.  Entomost,  p.  198. 

Cyclops  Geofiroyi,  LantouslU,  British  Insects,  81. 

Cyclopa  vulgaris,  Damiarart,  M.  Edirarda,  Ltath. 

Baird,  Trans.  Berw.  Olub,  i.,  97,  (young). 

Gamer,  Nat.  Hist.,  Staffordshire. 

Pediculus  aqoaticua.  Baker,  Empl.  for  Micros.,  383. 

Satyr.  Baker. 

NaupUus  saltetoriuH.  Uuller,  Zool.  Prod..  No.  2378. 

Fonr-horned  Cyclops,  Prichard,  MicpOFCOp.  Cab. 

Cyclops  quadncomis  of  most  recent  writers. 
ThefiJigrownfemale  is  often  of  considerable  size,  attftinin(t  thelengthof  ,09in. 
or  more.     The  male  is  smaller,  and  there  la  every  possible  gradation  between 
the  above  and  small  forms  scarcely  perceptible  to  the  unassisted  eye. 

The  cephulothorai  ia  usnally  rcKuIariy  oval,  but  varies  from  shoit  oval  to 
oblong,  it  is  composed  of  four  segments,  of  which  the  anterior  one  ia  lai^test. 
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equaling  or  exoeedioK  the  renuuntDK  thiee.  The  superior  anteiinn  Tai7  in 
lengtb  and  form.  Their  shape  is  that  of  a  letter  ».  In  tbo  male  bolh  antennn 
poaseaa  the  hinfte,  or  geniculating  joint,  which  servM  as  a  hand  for  retaining  the 
female  daring  copulation.  The  antennn  are  about  twent7-six  jointed,  and  fur- 
niefaed  with  namerons  setie.  The  secondary  anteniue  aie  tour-jointed,  and  have 
six  setffl  at  the  end,  serring  a«  organs  of  prehenBioo. 

The  mandibles  areoroid  bodies,  terminating  in  short  teeUi,  andcanTingasort 
of  palpoa  ot  two  filaments. 

The  maiillipedB  are  somewhat  similar  but  ace  furnished  with  two  toothed 
processes. 

The  first  pur  of  foet  are  organs  of  prebeniicm,  having  two  rami,  of  which  Qie 
smaller,  a  three-jointed  organ,  springs  from  the  base  of  the  outer  ormain  branch. 
The  basal  joint  of  the  outer  ramus  besides  bearing  tiie  other  has  two  projec- 
tions on  the  inner  side,  the  second  joint  is  book-shaped,  as  is  the  final  and  small- 
est segment  which  springs  from  it.  The  four  following  pairs  of  feet  are  composed 
of  two  rami,  each  consisting  of  three  setn- bearing  joints,  as  see  plate  of  Cyclops. 
There  is  also  a  pair  of  appendages  at  the  base  of  the  first  segment  of  the  abdo- 
men. The  abdomen  is  six-jointed,  the  iinal  joint  somewhat  bifid,  each  side 
terminating  in  a  cajjdal  stylet  between  which  is  located  the  anus. 

These  stylets  give  rise  to  two  small  set»  on  the  outer  margin  and  four  at  the 
extremity.  The  inner  pair  of  SlomenU  are  usually  mach  the  longest,  and  are 
also  diilerent  from  the  others  in  having  ajomt  near  the  base  which  gives  greatw 
freedom  to  their  motions.  The  setK  are  usually  barbed  backward,  and  in  old 
individuals  are  mostbeauldfallr  pectinate.  In  cases  where  the  moulting  has  been 
arrested  these  and  the  other  hairs  attain  a  curiously  long  growth,  as  illustrated 
in  the  plat«,  and  the  barblets  become  filiform  appendages. 

The  digestive  canal  begins  near  the  front  of  the  thorax  and  can  be  traced  to 
the  anus.  The  ovaries  are  two,  and  ate  easily  seen  in  the  body,  and  communicate 
with  external  ova  sacs.  After  (he  eggs  are  extruded  from  the  ovary  into  the 
ponches  they  are  not  dependent  on  the  mother,  but  will  come  to  maturity  if 
separated  from  her.  These  egg»  VB17  in  unmbor,  old  individuals  laying  upwards 
of  for^>  It  is  calculated  that  in  one  year  a  single  female  wonld  have  becone 
the  prQJenitor  of  4,442,189.120  young  so  that  the  abundance  in  which  they  occur, 
notwithstanding  the  ravages  of  the  Eydm,  and  other  enemies,  is  not  slrange. 
A  single  copulation  fertilizes  the  female  far  life,  as  in  the  case  of  the  Aphides. 
The  eggs,  as  they  are  hatched,  descend  from  the  ovary  covered  by  a  transparent 
pellicle  in  which  they  remain  from  two  to  ten  days.  The  growth  of  the  young 
is  illustrated  in  the  plate,  the  operation  occupying  about  twenty  or  thirty  days. 
The  Cyclops  moults  a  number  to  times  during  its  life,  and  1  as  the  power  of 
replacing  lost  parts,  they  are  also  very  tenodous  of  life,  often  reviving  after  being 
frozen  lor  a  long  tiir.e  in  the  mud  and  water,  which  form  their  hiding  places. 
The  Cyclops  is  probably  both  camiveroos  and  a  vegetable  feeder. 
Plate  III.  represents  the  usual  form,  the  figures  showing  the  different  stages 
are  copied  from  Dr.  Baird's  Entomostnca.  Plate  SV.  gives  one  of  the  varieties 
collact«d  here  which  may  be  worthy  of  a  specific  name;  the  greatly  exaggerated 
caudal  filaments  and  general  hairiness  is,  however,  only  an  age-modi  fic^on,  the 
color  of  this  variety  is  dork,  while  the  eggs  in  the  sacs  are  pellucid.  Another 
variety  is  ohlang  in  shape  and  lighter  in  color,  while  the  egg  sacs  are  opaque. 
.  Still  other  varieties  are  imaller,  and  vary  from  bright  red  to  green  in  color,  hav- 
ing the  egg  sacs  diverging  from  the  abdomen.  Ihere  seem  to  be  intermediate 
fOTms  and  it  is  best  to  await  ftirtiier  study  beforo  separating  these  varieties. 
(See  Plates  III.  and  IV.) 
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BUD-rAMiLT  2.    KASrxoncniM. 

CAaracfor*. —Eitenml  ovary  only  one. 

*  Cepholothoraz  4-joiiited. 
Oenni  1.    CuiQiocaniptiu,  Wettteood. 
Qenai  2.    HarpocticDt,  Edimrd*. 
Qaana  3.    WertwAodia,  Dana. 
Oenna  4.    AltentliA,  Baird. 
Qenai  5.    Hetii,  Philippi. 
Genni  6.    Clytemnettia,  Dona. 
Genu  7.    SeUlta,  Dana. 

"  Cephalothom  5-jomted. 
Genni  H.     I^ophon,  Philijtpi, 
Genae  9.    Onctea,  Pkilippi. 
Genoi  10.  ^nippe,  PhiUpfi. 
Qentu  11.  Idya.,  Philippi. 

Gtimi  1.    CintliOMinptus. 

Bibliographi/. — ModocoIqib,  Untuxut,  Fabrfciut,  Jnrntt,  etc. 
Cyclope,  lluUer,  Bamdohr,  LatrmlJe,  etc 
Cyelopdna  (put),  M.  Edtcardt. 
Caothocamptus,   Wtttvood,  Paitinfttou'i  Cyclop.  Nat.  Hkt,  ait. 

Cydops;  EDtomol(^t'H  t«xt-book,  115. 
Cantlioarpnt,  Baird,  Tcan*.  B«rw.  Nat  Club. 
Earpacticu  (part)  Dana,  Proc.  Amei.  Acad.  Arts  and  Sd.,  1817. 
Nouphilitu,    Pkilippi,    Aim.  ting.  Nat.  Hilt,  1840;  Wieffm. 
Atcher,  1843. 

Cftarorierj, —Body  scarcely  flattened,  generally  linear  or  narrow.  FeetofUie 
fintpair  (second  jaw  f«et  of  Baird)  mon  often  ranall;  those  of 
the  second  pair  with  two  rami,  rami  three  jointed.  Anteniue  of 
the  female  with  u  appendage  at  the  end  (^  the  fourth  joint, 
those  of  the  male  bolii  with  a  gemcnlatuig  joint.  Appendix  to 
btaae  of  the  abdomen  small.  Generally  no  sudden  tranaibon  &om 
the  segments  of  the  thorax  to  UuMe  of  the  abdomen. 

Canthooamptus  minutvs.   Bd. 

BtNtograpky.—Cydofii  minatiiB,  Muller,   Zool.  Dan.  Prod,,  No.  2409,  1776; 
Enlomostraca,  101, 1. 17,  f.  1-7. 
Samdohr,  Beyt,  sor  NBtnrg.,  X(W8,  t.  3,  f.  1--8. 


Lamartk,  HisL  An*.  Ytat,  V.  189. 

Baird,  Trani.  Berw.  Nat.  Clnb,  i.  97, 62,  f.  1,19.20,  etc. 

Moiioculus.  GtMlin,  Linn.  Sgot.  Nat  Edit  13th,  i.  2997,  No.  11. 

Fabrieita,  Ent.  Syrt.,  ii.  499,  No.  45. 

Mamitl,  Encyc.  mith.,  vii.,  719,  t.  267. 

Honoualn*  itapbylinos,  Jurim,  Hist.  Nat  Monoc.,  74-84. 
Cydopi Dimarefl,  Com.  Gen.  Cnut  363,  t  53. 

Baird,  Trans.  B«w.  Nat.  Club,  i.  07. 
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Small  Cyclope  or  Vaulter,  Prichard,  Mec.  Cab.,  t.  9,  f.  7. 
Ainyone  Batjm  and  Baecba,  ifuller,  Entomost.,  42  t.  2  (joung). 
Der  Hatjr,  Kohlers. 

Prichard. 

CyclopoDft  BtapLjliuuB,  itf,  Edivardt,  Hiat.  Kat.  Cmet.,  iii.  428. 

,     CanthocftrpuB Baird,  Trans  Bew.  Club,  ii.,  154. 

NauphilioB  minntDB,  Philippi,  Weigm.  and  Ericha,  Ar.  1843,  69. 
Doris  miuuta,  Eoeh,  Deutsch,  Crust.,  Ii.  XXXT.  t.  U,  1841. 

Variety  ooofdtntalli.    Eerrick.* 

Deaeriptiott,  etc. — This  Tanet?,  which  ie  the  only  member  of  the  Bub-familjr 
yet  diatiiiEiiiBhed  in  onr  locality,  ii  ho  cloaeiy  related  to  the  type  of  the  species  as 
dMcribed  by  Dr.  Baud  that  it  iiwith  much  hesitation  that  it  waifinaJly  concluded 
to  separate  it.  The  descriptiou  given  will  apply  to  both,  witii  aach  ezceptiona 
as  will  be  pointed  out.. 

Body  rather  long  with  no  obvious  distinction  between  the  tegmenta  of  thorax 
and  abdomen,  composed  of  ten  sefrmenCs,  which  taper  toward  the  tail.  Cepbai- 
othocax  acute  in  front,  resembling  that  of  Bpedes  of  Calanug  (in  which  respect 
it  difi^  fixmi  Dr.  Baird's  figures  of  the  European  species)  forming  a  sort  of 
beak  below.  Viewed  from  lie  side  the  shape  i«  triangular.  The  primary 
autemua  are  shoiter  than  in  Cyclops,  and  those  of  the  males  more  altered  than 
is  usually  the  case  in  that  genus.  In  the  male  they  consiBt  of  seven  joints,  the- 
fourth  of  which  is  much  enlarged. 

The  autennte  of  the  femalepossees  eight  or  nine  joints,  and  have  a  small  pro- 
jecting appendage  from  the  extremity  of  the  fourth  segment.  The  tecondatr 
antenns  are  simple  with  two  or  three  joints. 

The  eye  is  tnight  red  and  contrasts  finely  with  the  pale  yellow  of  the  body. 
The  mandibles  are  sicnilar  to  those  of  the  cyclopa.  The  mazillipedB  are  divided 
at  the  end  into  four  diviaioua  at  the  extremity  of  which  sprbg  three  or  four 

The  first  pair  of  feet  (or  Bcoond  foot-jaws  of  Boird)  are  small,  threegointed 
organs.  The  final  joint  is  hook-lilce,  and  directed  forward  for  Uie  purpose  of 
arresting  food  particles  and  carrying  them  to  the  mouth. 

The  second  pair  of  feet  are  lai^  and  modified  in  form,  ditfcriug  from  the 
natatorial  feet,  (they  form  the  basis  of  clBssification  in  Qus  whole  sub-family). 
Each  is  composed  of  two  three-jointed  rami,  of  which  the  outer  one  has  the 
joints  nearly  equal  with  three  sets.  At  the  apex  of  the  final  one,  th*  inner  ramus 
has  the  upper  joint  long,  almost  equalling  the  outer  lanms.  The  second  joint  is 
shorter  and  with  the  final  one,  whit^  carries  at  tlie  extremity  three  long  set«, 
is  serrated  on  the  aiil«rior  margin.  This  nunus  is  directed  forward  aiBO.  The 
three  following  pairs  have  the  rami  unequal  but  boUi  with  three  joints. 

The  sexual  openings  are  at  Uie  base  of  the  nxth  s^ment.  In  copulation  tho 
malei  seize  the  ciradal  stylets  with  the  genicnlating  joint  of  Uie  primiuy  antennra- 
and  are  bourn  about  rapidly  by  the  female.  * 

In  most  of  the  females  seen  there  was  a  organ  attached  to  the  vulva,  it  consists- 
of  a  Ung  flexible  stalk  terminated  by  a  cylindrical  or  dub-shaped  mass,  which 
may  be  dark  brown,  red  or  pelludd. 
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It  was  conjectured  by  H.  Siebold  that  these  were  aimilaj;  to  Uie  MminAl  tnbee 
diBcovered  bj  him  upon  Diaptomas.  The  act  of  copulatjon  in  Diaplomos,  a* 
deactibed  bv  him,  is  to  ttraafre  and  improbable  tiiat  it  i«  hard  to  accept  without 
some  hesitation.  He  layi  that  "the  male  does  not  aocompliah  a  true  coition  but 
attache*  to  the  female,  dining  copulation,  a  tnbe  contaiuiiiK  Bpennatk  liquor. 
Tim  tobe contains,  bmide  the.zooipemia,  two  Hohstancei  of  which  one  iwelta  hj 
the  inflaence  of  water,  and  chaaei  out  the  whole  oontenta  of  the  tat>e.  He  other 
Bubstance  coagulates,  leaving  in  the  middle  of  the  man  a  canal  by  which  Uie 
Eooapenns  arrive  at  the  vulva." 

In  the  case  of  the  Canthrocamptna,  however,  the  appendage  is  apparentl;  of  a 
different  nature,  being  comeona  and  harder  Uian  the  rest  of  the  animal,  more- 
over in  no  case  have  more  than  one  of  these  been  obaerved  on  the  lame  female. 
Jnrine,  howrver,  sajs  that  thii  bodj  ia  never  seen  till  aRa  she  has  several  timet 
laid  eggs.  Dr.  Baird  adds  that  he  has  never  seen  more  than  one  on  the  same 
fei]^e,  and  that  no  mature  female  is  met  withont  it,  evev  thongli  the  ova  ara 
attached.  M7  own  obaervatioui  accord  with  the  above,  but  I  am  unable  to  add 
any  snggealion  b«  to  the  use  of  these  ormni. 

IV  females  are  lanier  and  usually  darker  in  color  than  the  male. 
Habitat. — Shallow  lakett  and  pools;  everywhere  abundant. 

This  species  wiU  repay  well  patient  study,  and  from  its  abundance  is  eaoly 
found.  This  western  variety  is  distinKuished  from  the  easteni  type  bj  the  shape 
of  the  head,  the  greater  brevity  of  the  caudal  stylets,  the  shape  of  the  ora  sac, 
the  greater  size  of  the  fourth  joint  of  the  male  antennte.  and  other  minor  differ' 
ences,  which  no  great  stress  is  laid  upon,  however;  and  these  Tariataons  may  be 
due  to  inaccuracies  of  the  drawings  of  Baird's  book.    (See  plate  Y. ) 

Sub-familf/ 3.     Sletvpina,  Dana. 

CharaeUra. — Form  somewhat  like  Sapphirina,  but  the  eyes  minute,  and  g«ner- 
allj  situated  in  a  prominence  in  the  front.    Superior  antennfe 
shorL    Feet  of  the  first  pair  monodactyl  as  in  Corycscidee.    Cau- 
dal stylela  short,  snb-cylindrical. 
Qenne  1.    Zaus,  Gocdtir. 
Qenna  2.    Steavpe,  Ooodtir. 
Ko  member  of  the  family  was  met  with. 


The  species  are  bH  oceanic.    A  spedea  of  Sapphirina  is  figured  in  the  Rep.  of 
Fish  und  Fisheries  for  1871  and  1872. 

TRIBE  II.    D^FsmoiDEA.    Dana. 

£i&Iiofirajt>Ay.-;Daphnioid6a,  Dtma,  Rep.  Wilkes'  Expl.  Ex.,  p.  1262. 

Cladocera,  Baird,  Brit.  Entomost  p.  62,  1850. 
' Burmagter,  But.  zur  Naberg.    Der  Ronkenfuss. 

Daphnides,  Styaue.    Hem.  Mns.  d'Hist.  Nat. 

DaphnoideeonCladoc^res.if.fii/uKinlf,  Hist.  Nat.  6iust.,ui.372. 

LuMa,  Erp.  8c.  de  I'Alrine. 

CharaeUn. — This  tribe  which  corresponds  with  the  Mvi«r  CI<i(fo««ra  of  Baird 

and  some  recent  authors,  is  characterised  as  having  the  whole 
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body,  exdiuive  of  the  head,   (which  ii  coTered  with  &  lepante 
and  dmilai  plate)  mdaded  in  a  large  carapace,  wiiich  ia  open 
below  and  behind,  peirnittJng  the  protroBion  of  the  poeterior  por- 
tion of  the  abdomen,  and  allowing  ciurenta  of  water  to  pass  witb- 
in,  both  for  respiratoiy  purposes  and  to  carry  to  tlie  mouth  parta- 
dea  of  food, 
^e  cai^iace  is  composed  of  three  parts,  in  one  spedea  at  least,  and  it  would 
seem  that  this  is  the  typical  Btnictore.    The  middle  plate  (in  Daphnia  vetuta) 
lies  orar  the  dotaal  reRion;  the  otho-  two  spring  from  it,  flanking  (it  on  either 
aide,  and  fbrming  the  bulk  of  the  shield.    We  would  Bnt{g«et  the  protiable  eimi- 
laritj  of  the  central  shield  to  the  caudal  shield  of  other  crustaceans,  and  (he 
possibility  that  the  now  larger  portious  ought  really  to  be  considered  as  accessoty 
simply. 

The  D^hinoidea  pooess  from  four  to  six  pairs  of  foliaoeoos'appendageB,  or 
branchial  feet  which  do  not  asast  in  locomotioa.-  The  eye  is  apparently  sin^e 
and  is  a  very  prominent  organ  in  all  the  members  of  the  tiibe,  it  is  large  and 
fnTnished  with  nomerons  lenses. 

like  inperior  antennte  are  email,  often  obsolete,  and  except  in  Bosmina  only 
one  or  two-jointed.  The  inferior  autennee  are  lai^,  being  the  true  organs  of 
locomotion,  and  several -jointed. 

The  abdomen  is  incurved,  mobile,  furcate  at  the  extremis  .and  bears  two 
prominences  on  the  dorsal  angle  which  are  the  origin  of  sets. 

The  carapace  is  often  beantiirdly  reticulated  and  sometimes  there  lere  mote 
Qion  one  soit  or  series  of  these  markings.  The  Daphinoide  are  distinguished 
from  Cyproidea  l>y  the  pieaence  of  posterior  foliaceous  legs,  wliich  is  considered 
by  Dana  as  of  greaier  importance  than  the  more  obvious  peculiarity— the  ex- 
dusion  of  the  bead  from  the  carpace. 

Prof.  Dana  haa  onited  the  genera  of  Dr.  Baird's  Daphmadtg,  Folffphtmidm 
and  LifneeiAe  in  this  tribe,  and  this  seems  appropriate,  nnoe  there  cannot  cer- 
tainly be  as  wide  a  gap  between  Daphnia  and  Ijynceiu  as  between  the  curious 
Boamina  and  Xk^hnia,  yet  the  Iatt«r  two  were  united  in  one  family  and  Lyncens 
separated  as  totally  distinct.  The  chief  pecoliaritiea  whidi  lead  to  the  separation 
of  Lynceidte  were  fiist,  the  Act  that  they  poesessed  in  front  of  the  eye  a  "  btadc 
spot  "of  nnknownuse,  and  second,  that  the  head  was  produced  in  front  to  form 
a  more  or  leas  prominent  beak. 

But  it  has  since  been  ascertained  that  the  black  spot  ia  a  common  future 
among  the  species  of  the  whole  tribe  and,  according  to  modem  anthors,  is  in 
someway  connected  wiUi  the  base  of  the  superior  uitenns  and  serves,  probably, 
as  on  o^aa  of  hearing. 

The  characters  of  the  head  seem  ta  have  btea  misunderstood.  In  all  the 
■pedes  of  the  Daphinoidea  which  I  have  examined,  the  head  seems  to  be  covered 
with  a  curved  pltUe  or  carapace,  within  whidi  ia  the  insertion  of  the  oqcans  of 
the  head.  Now  a  littie  change  of  pontion  under  the  microscope  serves  to  pve 
to  the  anteriior  portion  of  this  covering  on  acute  or  obtuse  appearance,  depend- 
ing on  which  side  of  the  car^iace  ia  in  (he  focus  of  the  instrument.  As  the 
shape  of  the  beak  is  used  as  a  generic  character  in  this  suti-division  it  seems 
quite  probattle  thai  the  matter  will  need  fhriher  revisitm.  The  fact  that  the 
intestine  is  or  is  not  oonvolated  was  shown  by  Dana  to.be  of  no  generic  im- 
portance. 
Tbe  eharacterisUca  of  the  tribe  may  be  best  seen  as  Stustrated  in  the  sabdi- 
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FAULT  1.    PEFiLiDis.    Dona. 

Baiiogrvphg.—VmiMm,  Dana.  Pro.  Amer.  Acad.  Sci,,  ii.,  47, 1849. 
Bidisa,  Baird,  Brit  EotoaioA,  106. 
Sididn,  Gray,  Cat.  Brit.  Cnut.  Bnt.  Miu.,  93, 1850. 
Chatvcters. — FoUaceoni  feet  twelve,  nurow.    Anterior  antennEe  obwleacent. 

Genus  1.    Sida,.  Strain.    Posterior  ant«imEe  with  the  1odk«t  nuntu 

tiiree-i«ticuUt«,  ihorter,  tTO-articulate.    Head  not  beaked  below. 
Geiiui2,    Daphnella,  Baird.    Both  rami  of  posterior  aatennee  two- 
joiuted.    Anterior  antannte  borne  by  the  middle  of  the  under  upect 
ofUiehead. 
Genoa  3.    PeniHa,  Datta.    Both  rami  of  the  poaterior  antemue  two- 
j<nnted.    Bead  short,  produced  below.    Primary  antennie  borne  on 
the  extremity.    Speciei  marine. 
?  Genua  4.    Latona,  ^tratt&a.     Posterior  antemue  having  three  One- 
articulate  rami. 
Only  one  species  i^thia  &niily  has  been  met  with,  which  ii  here  dewxibed. 

Geiuu  1. 

Bida,  (StroM.) 

Biblioffrafhg. — Sida,  Stmtw,  Hinn.  Mus.  Hist.  Nat.,  v. 

If.  Edicardv, 

■ Baird. 

Daphnia,  MvllUr. 

Latreills,  etc 

Ucmocalds,  De  Our, 

JurtHt,  tte. 

6entrie  Chamden.—SnpmoT  antemiB  of  moderate  size.  Longer  rami  of  infer- 
ior antennte  with  Uuree  articnlations,  ahorter  rami  with  two. 
Inf^or  antennie  very  large  and  powofnl. 

Blda  eryitaUlua,  Midler. 

£)blHVn>pAy— Daphne  cryBtBllina,  MuUgr,  Zool.  Dan.  Prod.,  No.  2,405, 1,776. 
Daphnia  dystaUina,  Mulkr,  Entomoit.,  96, 1. 14,  t.  1-4. 

Latreiik,  Hist.  Nat  Crart.  IT.,  230. 

Bote,  Minn.  d'Hist.  Nat  Crust.  II.,  281. 

Sida  cryitallina,  Straut,  Minn.  Mus.  Hist.  Nat.,  Y. 
Sida  ccyitallina,  M.  Edioardt,  Hist.  Nat.  Cnut.,  III.,  383. 
Monocalue  cryBtaUJDa,  Gmelitt,  linn.  LjtA.  Nat.,  edit.  18th,  I. 
3,000,  No.  29. 

Manuel,  Enc.   Mith.,  VII.  724,   t.  265, 

f.  15-18. 

; Fabrieiiu,  Ent.  Syrt.,  II.  493. 

Monoculus  el<nigatn«,  Dt  Qeer,  Uem.  Bervis  Hist.  Ins.,  VH.  470, 
t.  29,  f.  1-4, 1,778. 
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Detcriplion,  etc. — OeneiKl  shape  that  of  an  elongate  rectanernlor  prism,  ot 
Bub-^hndrical.  Carapace  elongSite  oral,  truncate  before  and  behind,  vtxj  tmu- 
paie&t,  being:  obviouslr  reticulated  only  near  the  aQtmor  poittcm. 

Head  large,  obtuse  in  both  vertical  and  horizontal  aapect,  furnished  with  a 
projectdng  disc  or  plate  on  the  posterior  port  of  upper  surface.  Eje  lonnd  and 
rather  large,  red,  vith  many  corner. 

Superior  antennce  are  quite  obaerrable,  being  r^er  long  and  armed  witb 
four  t>ristles  on  tlie  eitremitf. 

Inferior  antenna  vei7  lai^.  The  ba«al  joint  is  cylindrical,  tnj  large  and 
fleshy,  and  wrinkled  so  aa  to  appear  many  jointed.  The  two  lanu  are  unequal 
and  raUier  short  The  outer  ramns  has  three  articulations.  The  first  is  short 
OJtd  furnished  with  a  minute  spine.  The  second  it  longer  uid  has  Uiree  stiODg- 
jointed  seta  on  the  inner  margin,  and  a  spine  near  ita  articulation  with  the 
Uiitd,  which  is  of  nearly  the  same  lenifth,  and  has  four  setce  on  tiie  inner  margin, 
three  at  Uie  end  and  a  small  spine  at  the  upper  outer  angle. 

The  inner  ramus  baa  two  unequal  jomts,  the  lower  of  which  is  much  the  longer, 
and  is  tumisbed  with  a  spine  and  a  seta,  while  the  second  has  four  laige-jointed 
setse  at  the  extremity. 

The  labnun  and  mandible  are  similar  to  those  of  Daphnia. 

Tlie  feet  ate  of  six  pairs,  which  are  described  as  follows:  * 

The  first  pair  consists  of  a  main  stalk  of  two  jomts,  of  which  the  first  has  foot 
■etee,  and  theterminal  (or ''hand")jDint  seven.  The  first  joint  also  has  two 
branchial  plates,  of  which  the  upper  and  smaller  possesses  nine  or  ten  short  setie 
and  one  jointed  and  plumose  filament,  while  the  lower  or  main  plate  has  about 
thirty  plumose  sets.  The  second,  third,  fourth  and  fifth  pairs  ate  quite  similar, 
but  the  stout  setce  on  the  outer  margin  of  the  first  joint  are  replaced  by  a  trian- 
ffular  plate  and  the  branchial  ftlamenta  are  iborter.  The  aixlh  pair  boa  three 
articulations,  each  fnmiahed  with  straight,  stout  spines,  and  is  curved.  The 
abdomen  has  at  its  extremity  two  strong,  curved  claws,  which  have  each  three 
B^ee  on  tlie  basal  half,  and  aredentatefbrtiieremainder  of  theirlength;  it  alsu 
bks  two  tubercles  at  the  angle  behind  each  of  which  beus  a  long  seta.  Batweeo 
the  claws  and  Uieee  knobs  are  two  rows  of  spines. 

The  ovary  ccmtoina  in  full  grown  female*,  about  twenty  younf,  which  reaembls 
their  parent  from  birth,  , 

The  organ  on  the  top  of  the  head  is  used  as  a  sort  of  sucker,  by  which  the 
animal  adhetea  to  water  plants. 

Their  motion  is  r^ad  and  st«ady.  ^e  drcolation  of  the  blood  can  be  hsd 
through  the  tmnspoient  walls  of  the  body  and  head,  aa  in  the  front  part  of  the 
head,  where  the  minute,  colorless  corposcles  are  easily  seen  couisingfrom  above. 
There  appean  to  be  a  dorsal  vessel  just  above  the  intestine  in  which  theu  glob- 
iiles  can  be  seen  as  they  pass  from  behind  forwards  to  new  the  juncture  of  the 
carapace  with  the  glabella  of  the  head,  where  is  an  enlargement  forming  the 
heart,  the  pulsations  of  which  are  uniform  with  the  motions  of  the  branchial  leei. 
The  motion  of  the  feet,  besidei  the  aeration  of  the  blood,  propels  (as  in  others  of 
this  &mily)  a  strong  current  of  water  between  the  bases  of  the  limbs  toward  (he 
month,  bringing  to  it  the  particles  on  which  it  feed*  and  which  it  ha*  no  other 
means  of  capturing. 

This  interesting  creature  is  quite  rarely  seen,  whether  from  its  reclusive  habits 
or  actual  scarcity  I  do  not  know,  but  it  deserves  (he  attention  of  stadenti,  oh  pn- 
senting,  both  on  account  of  its  size  and  transparency  and  its  somewhat  anoma- 
lous stroctore,  one  of  the  beat  opportunities  of  iuvestigatang  these  tittle  known 
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Habitat. — "GiaisyLake,"  a  pond  tribatoiy  duiinjT  high  water  to  Lake  Cal- 
houn, near  MinneapoliB;  alw>  Diamond  Lake.  The  animal  seenu  lo  be  found  in 
lakes  not  cotnplet«l]r  iaolated,  and  does  not  prefer  «o  muddy  a  sitnatioii  as  most 
of  Uie  Daphuioidea. 

The  strnctiiTe  of  &i»  animal  was  compared  minutely  with  the  deacriptioi 


FAULT  n.     DAPHXIDA. 

BAIto^i'opAy.— Daphnide,  Dana,  R«p.  Wilkee'  Ezpl.  Exp.,  p.  1265. 

Dana,  Proc.  Amer.  Acad.  Sd.,  ii„  1819. 

Dapbnita,  Oray.  Cat.  Brit.  Crut.  Brit.  Hub.,  SB. 

Uaphmade,  (part),  Baird,  Brit.  Entomoa.  62. 
Choraetera. — Foliaceoue  feet  ten.    Anterior  antennte  one  or  two-jomted, 

1.  Head  large. 

Genoa  1.    Daphnia,  Muller,  (indading  Ceriodaphnia  of  Dana,  which 

differ  in  the  shapeof  the  nticnlationaof  theahell.) 
Genus  2.    Moina,  Baird. 
*  Genua  3.    Macrothrix,  itaini  (including  Acanthocerus  of  Schodler.) 

2.  Head  short. 

OenoH  4.  Lynceot,  Mulltr  (including  Euri/eeretit,  Chydortta,  Pera- 
tantka,  Plturaris,  Acropents,  Campotereug  and  Alona  of  differoit 
authore,  until  tome  valid  generic  characters  an  announced.) 

Oanus  Daphnia,  Moller. 

BO^iographs.—DaphiiM,  MuUer,  Zool.  Dan.  Prod. 

• iinUtr,  Entomost. 

Strau*,  Detmarttt,  LatreiUt,  etc. 

Monocalae,  Linnarm,  Poda,  Shimenbarh,  De  Gter,  etc. 
Hie  Daphniffi  are  among  our  moat  abundant  and  most  intei^stiug  Entomostraca, 
occuirfng  in  atagnant  water  ererywhere,  they  are  veiy  prolific  and  Toradous. 
Thia  genus  la  confined  atrictly  to  fresh  water. 

Ttib  general  characters  w]ll  be  gathered  from  the  daicription  of  the  bribe  and 
of  the  apedea.  The  superior  antcun<e  are  usually  rudimentary  and  hidden,  but 
vary  with  the  sexes.  The  moat  prominent  organs  are  the  inferior  anteome, 
which  ore  large  and  powerful,  lltey  conaist  at  the  base  of  a  single  large,  fleihy 
joint  which  has  all  possible  pl^  upon  its  attachments.  This  Joint  supports  -two 
brandies  of  nearly  equal  length,  but  the  outer  ia  uaually  four-jointed,  while  the 
inner  has  bnt  three  artdculations.  Each  of  the  last  three  is  ftimiahed  with  a 
long  aeta  which  ia  jointed  at  the  coiddle,  and  uaoally  pednate,  forming  a  fine 
awimming  organ.  Ti»  eye  ia  a  large,  conspicuooa  organ  near  the  front  and  ia 
so  fiuTUshed  with  musdes  that  it  has  a  semi-rotation.  Thia  organ  occapiea  a 
prominence  on  the  underside  of  the  head,  which  prqjects  backward  supporting 
4be  minute  antencffi  and  the  black  spot  before  noticed.  Bturd  aoys  that  the  eye 
was  mistaken  by  one  autlior  foi  the  ttomaeh.  The  chief  gangilon  of  the  nervovs 
■ystem  liea  tear  and  communicatee  with  the  eye.  The  mouth  ties  at  the  back  of 
Um  prominence  described,  and  ia  armed  with  a  lohnun,  a  pair  of  maadibles  and 
»  pair  (tf  jawe.    For  particnlara  of  atructare  see  plate  IX. 
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The  digestive  ayBtem  is  the  moat  conapicuoaa  part  of  the  creature  when  filled, 
Tt  is  then  often  of  a  bnllant  green  color,  extending  along  the  whole  dorsal  region. 
The  CBDophagus  a  short,  opeQing  into  the  stomach  jnet  behind  the  brain  gang- 
lion. From  this  point  the  stomach  curves  upward  and  extends  fjience  through 
the  whole  length  of  the  animal.  The  contractile  veasicle  above  the  storoacb  is 
quite  an  obvious  feature,  hat  Graithniaen  aayh  there  are  two  hearts,  one  venous, 
the  other  arterial,  but  this  ia  probably  not  established,  though  the  existence  of  a 
dorsal  veeael  above  the  stonuich  u  probable  from  analog;  and  observed  appear- 

Tbe  l^n.  which  are  of  five  paira,  vary  considerably,  but  the  same  plan  is  pre- 
served. At  the  base  of  each  is  a  brnnchial  plate  furnished  with  fine  branchial 
filaments  coneeponding  ta  gills,  while  the  remaining  portions  of  the  leg  serve  to 
create  currents  of  water  toward  the  moath.  The  result  is  a  vigorous  current 
between  the  legs  under  the  body,  which  transports  the  food  particles  to  the  max- 
illee.  The  ovaries  are  along  the  sides  of  the  abdomen,  and  the  ova  are  normally 
hatched  within  the  shell  of  the  parent  above  the  abdomen. 

These  creatoree  have  been  sapposed  hermaphroditic,  from  the  extreme  scanaty 
of  the  males,  but  they  are  in  this  respect  like  the  Aphides,  being  parthenogenetic. 
Besides  the  ova  which  are  hatched  within  the  shell  of  the  living  parent,  another 
metliod  is  seen.  The  outside  of  the  carapace  growa  opaque,  and  finally  two  spots 
appear  within  which  an  Oie  eggs.  When  the  modit  takes  place,  the  carapace 
with  its  burden  is  lefl  in  the  water  until  a  favorable  time,  when  the  eggs  hatch. 
This  obviously  is  a  protection  against  the  cold  of  winter,  for  the  ephippium,  as 
the  carapace  thus  loaded  is  called,  ia  thick  and  homy.  The  ephippia  may  be 
observed  in  winter,floalang  about  in  the  water,  often  in  abundance.  (See  plate 
IX.) 

Oaphnis  Pulex. 

Bibliography,— Kooix^oa  pnlez,  Llntuem,  Sys.  Nat.  10  Ed.,  i.,  6$5,  No.  4, 1753. 
-  Gwliit,  Syst.  Nat.  13th  Edit.,  " 


-  Poda,  Ins.  Mus.  Gracns,  124. 

-  MuHer,  Faun.  Insect,'  Fredrichsdalens,  S 


Blumtnbgch,  Handbuch  der  Nsturg.,  399. 

Manuel,  Enc.  nieth.,  VII.,  722,  No.  15,  t.26i 

Fabriciws,  Entoml.  Syst.,  ii.,  497. 

Ltach,  Encjc.  Brit.  art.  Bntoml. 


Daphene  pulex,  Mulkr.  Zool.  Dan.  Prod.,  199,  No.  2400, 1776. 
Daphnia  pnlei,  LatreilU,  Gen.  Crust  et  Ins.;  Hist.  Nat.  gen. 

et  part.,  des  Cnist;  R6gne  Anim.  Cuv. 
Lamarek,  Hist,  Nat.  des  An.  s.  Vert.  Edit.l2,  T., 

181,  No.  1. 

hamoaelU,  British  Insects,  81. 

SiroMS,  Mem.  der  Hns.  d'Hist.  Nat.,  v.  t.  29. 

Demarett,  Coneid.  g^n.  sur  les  Crust.,  372,  t.  54. 

Baird,  Ann.  Nat.  Hist.,  i.,  254. 


-  M.  Edicardg,  Hist.  Nat.  des  Crust. 

-  Gverin,  Iconograph.  Crust., 


Daphnia  pulex,  0.  F(ArieiM  Faun.  Groealaud.,  263. 
Ltaeh  Edm.  Encyc.,  vii.  art.  Crustaceol. 
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Daphnia  peontta,  Mullrr,  Enlonuwt,  1. 12,  f.  4-7. 

Bote,  Man.  d'Hiat.  Nat.  dee  Crart.,  ii.,  280. 

Sehrank,  Faon.  Boic,  liL,  284.' 

HoDOCnlna  poles  arboreacena,  Ltnti.  Byrt.  Nat.  4th  Edit.,  98. 
Fulei  arboracenB.  Sicaitaiierdam,  Hist.  Nat.  Ins.  Gen.,  76, 1. 1, 

f.  0.  b.  c.  Biblia  Natone,  B6,  t.  31,  f.  1-3. 

Gotxe  NaturfoBcfaer,  pt.  7. 

MouoculoB  pulex  ramosUB,  Di  Geer,  Uftn.  poor  urrir  &  I'Hiet. 

IcH.iTii,,  442. 
Saphnia  tamosa,  Koch,   Deubcb.  Crust.,  h.  XXXT.,  t  18. 
Daphnia  media,  Koch,  Deutach.  Cruat.,  h,  XXXVIl.  1. 1. 
Daphnia  ephippiata,  Koch,  Deutsch.  Crust.,  h.  XXXV 1. 16. 
Packron  branchu,  Trembley. 

Water-flea  with  branchiuft  hotse.  Baiter,  Empl.  for  Micros. 
Pou  aqnaiique,  Joblot,  Obwrr.  d'Hiat.  Nat. 
Le  Perroquet  d'can,  Geoffrojf,  Hiat.  abr^g.  Ins. 
Vermes  minimi  rubri,  Merrelt,  Pmai  Res.  Nat.  Brit. 
Ammaletli  aquatid,  Sedi,  Asaervaijoiu.  Opere. 
Monoculus,  Bradlty,  Phil.  Occ.  of  Works  of  Nature. 
Le  Puceron  Terdatre,  LedermuUer. 
Var.  t.  Daphnia  longiapiua,  MulUr. 
Latitilie. 

Samrlohr. 

Lamarck. 

Straus. 

Demareel. 

• Jtf.  Edmarda. 

Koeh. 

Monocalua  lon^pioiu,  Fabricim. 

Manu*t. 

De  Geer. 

Sehaeffer. 

Var.  2.  Daphnia  tnatfua,  Straut. 

- — Demartst. 

M.  Edirard*. 

Dtscriplion. — Carapax  oval  or  Hub-quadian^lar,  traolparent,  more  or  lees 
reticulated  on  all  or  part  of  the  surface.  Head  largre,  more  or  leas  beaked.  So- 
perior  antenns  very  small.  Inferior  antennie  etron^r  and  loof .  The  superior 
aofenuK  have  five  email  eetie  at  the  apex,  while  the  inferior  pair  are  armed  with 
tbe  usual  complement  of  aette,  which  in  this  apecies  are  finelj  plamose. 

The'oolor  of  this  animal,  which  is  our  commonest  and  one  of  the  larfreat  spe- 
dea,  is  dependent  upon  Uie  food  taken  into  the  stomadi,  which  extends  through 
nearly  the  whole  len;^  of  the  bod;  in  all  the  species.  When  feediofir  upon 
dean  vegetation  the  inteetinal  canal  ia  of  a  brilliant  green  hue,  while  at  other 
times  it  is  dark  or  brownish.  In  England  they  ore  often  of  a  bright  red  color 
thnraghoatftbot  I  hava  never  met  with  snch  here. 

The  car^tax  is  terminated  posteriorly  by  a  serrated  spine,  which  is  variously 
'  sitaated,  and  varies  also  with  the  age  of  the  animal.  In  one  variety  the  spine  is 
situated  at  the  upper  posterior  angle  while  in  otheia  it  aprinna  from  the  centre  of 
tlie]poaterior  aspect.    In  the  young  the  spine  is  long,  almost  equaling  sometimes 
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the  caiapoi  in  leugUi,  bat  at  each  suixewive  moaltdng  Qie  spine  ii  found  to  be 
Bhorter.  The  upper  port  of  the  bod;  has  foar  projections,  one  of  which  is  longer 
Uian  the  others  and  Berrea  evidently  to  keep  the  ova  in  positjon. 

Dr.  Baird  sajs  that  "  the  male  is  much  smaller  than  the  female",  whidt  is  ibe 
case  in  aearl;  all  t^  species,  "and  the  superior  antennce  are  much  laqcer  and 
spring  from  under  the  beak  instead  of  from  the  beak  ilaelf.  The  inferior  extrem' 
itim  of  the  valves  are  more  dense);  serrated  Uian  in  Qie  female." 

The  males  are  always  fewertban  the  females.  The  motions  of  this  -creatare 
are  quick,  spasmodic  leaps  throagh  Uie  water,  and  it  often  presents  a  beautiful 
appeanmce. 

Oaphnla  Vetuls. 

B&tiogfaphy.—D«phD6  vetola,  MuJUr,  Zool.  Dan.  Prod.,  No.  2399. 

Daphnia  vetnlo,  Straui,  M^m  Mus.  Hist  Nat.,  T.,  t.  29,  f.  2»-6. 

Baird,  Ann.  Mag.  Nat.  Hiat.,  i.,  255,  t.  9,  f.  13. 

Daphnia  sinm.  Mull«>;  Entomost.,  91, 1. 12,  f.  11-12, 1735. 
Latreillt. 


Lamarck, 

M.  Ediearda. 

Koch. 

MoDocolos  sima,  Oivelut. 
JUanuel. 

Monoculns  Isvis,  Fabricitu. 

UoDOCulns  expinosns,  De  Gwr. 

Monoculos  coDchacna,  Donovaan. 

UnKeechwauzter-sackiger,  Weuier^h,  SeJu^er. 

Monoculos  nasotos  (7)  Jurine. 

Monocnlus  palei,  Sulger. 

Daphnia  congener,  Koeh. 

Daphnia  eipinoaa,  Koek. 
Deteription. — In  size  like  Iktphnia  pulex,  some  forms  of  which  it  n 
Campax  in  the  male  qaadrangulai  witli  the  sides  nearly  parallel,  the  postenoi 
prominence  being  near  the  dorsal  part  of  the  shell.  In  the  female,  however,  the 
prominence  is  near  the  middle  of  the  posterior  side,  while  itie  carapax  is  widest 
near  that  extremity.  The  spine  usaall;  present  in  tlie  larger  Daphnidsa  is  obso- 
lete, bat  there  is  a  seriei  of  small  spines  or  teeth  on  the  upper  posterior  margin. 
The  lower  edge  is  strongly  ciliated.  The  caiApax  is  stitingly  lined  transversely. 
These  strice  arise  from  tlie  one  or  two  rows  of  hexagonal  cells  which  border  the 
lower  margin,  and  anastomose  occasioDally,  giving  in  some  caeca  a  reticulated 
appearance  to  the  shell.  The  bead  is  very  imall  proportjonately,  rounded  in 
in  fixiut,  and  rather  strongly  beaked  below.  ■ 

'  The  superior  antennte  are  quite  evident.  InfMoc  antennie  large.  The  first 
joint  is  fleshy  uid  stout,  margined  at  the  extremity  with  spines  and  sending  oat 
three  brandies,  of  which  the  two  large  swimming  organs  are  as  in  pulex,  having 
the  plumose  sets,  etc.  At  the  base  and  between  these  is  a  third,  consisting  c^& 
conical  pomt  with  a  broadened  base  ending  in  a  spinous  appendage.    The  scuta 
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of  the  head  seema  wider  and  less  arched  than  in  other  apedM.    Jawe  long  and 
ending  in  a  drcle  of  fine  t««th.    Feet  as  inpulex. 

Seen  from  above  the  caiapax  of  the  bod;  is  found  to  conaiat  of  three  pieces 
The  firat,  which  might  he  termed  the  acatella,  ia  a  small  shield  adjoining  the 
head,  and  the  two  principal  pieces  or  valrea  of  the  ahell  may  be  conaidered  aa 
appendages  of  t^e  acutella.  Theae  pieces  may  be  compared  to  the  tergtim  and 
phurott  of  trilobitea. 

The  atractnre  of  the  beak  and  ita  n4ation  ia  the  head  ia  more  dearly  seen,  tiian 
in  most  of  the  D^huiie.  The  head  shield  as  seen  &om  below  ia  transveiBely 
aub-oval.  Directly  is  fiont  and  very  near  the  anterior  margin  of  the  akull  ia  an 
eye,  filling  a  circular  elevation  reaching  the  antenor  margin,  and  Bending  oflf 
poateriorly  a  ridge  or  abraight  partition  which  divides  the  lower  aspect  of  (he 
head  into  two  basin-like  cavities.  This  ridge  t«rmtnatea  in  the  beak  which  car- 
ries the  Buperior  ant«nn»  and  the  black  apot  .which  Enxley  calla  an  ocular  pig^ 
ment,  but  by  other  anthora  is  Uiought  to  be  attached  to  the  auditory  apparatns, 
and  i«  termed  by  Dana  the  "otolitee",  following  Schoder  in  so  considering  it. 
(See  Plates  X.  and  XI.) 

Daphnia  Muoronata. 

flitifoffMipAy.— Daphne  mocronata,  MulUr,  Zool.  Dan.  Prod.,  No.  2404, 1776. 
Dapoia  mncronata,  MvlUr,  Entomat.,  94. 

Desmarest.  Cobb.  g*n.  Crust.  374. 

LatreilU,  Hist.  Nat.  Croat.,  IV.,  229. 

' Boie,  Han.  d'Hist.  Nat.  Crust.,  ii.,  381. 

if.  Edwards,  Hist.  Nat.  Crast.  iii.,  S82. 

Baird,  Trans.  Berw.  Nat.  club,  ii,  148. 

"'  Monoculna  mucronatus,  Omelin,  lana.  Syst.  Nat., 

edit  Mth,  i.,  3,000,  No.  28. 

JfontMl,  Enc.  Mith.,  t.  265,  f.  19. 

-Juritu,  Eiat.  Nat.  Monoc.  137,  t.  14,  f.  1,  2. 


MonocnluB  bispinosus,  De  Ge*r,  Hem.  Seirir.  Eiat.  Ins.,  Yll., 
463, 1778. 

Fabricius,  Ent.  Syst.,  iii.,  493. 

Daphuia  bispinosa,  Koeh,  Deutach.  Crust,  h.  VIII.,  1. 1. 
Deseripticn.—GenarBi  shape,  as  seen  from  above,  oval.  Lower  margin  of  the 
can^wx  straight,  terminated  posteriorly  by  a  carved  apine.  Head  tiiangnlar, 
obtose  in  fhmt.  Eye  targe.  Superior  antennce  small.  Inferior  antennie  long. 
Lower  part  of  the  caiapax  dlioted.  Color  dork.  Dr.  Baird  says  that  the 
form  of  the  head  varies  in  Gae  species,  being  aometimGa  rounded  and  at  otheca 
terminated  by  a  shaip,  somewhat  curved  point  directed  upwards. 

I  have  not  observed  in  any  of  the  mitny  specimens  seen  a  sharply  pointed  head; 
and  though  this  point  casts  aome  doubt  on  the  identdficatJon,  every  other  p(nnt 
in  his  description  seems  to  agree  very  well  with  oor  spedea,  which  I  find  no  war- 
rant for  separating  from  D.  mucronata  var.  obtuat  roitrata. 

HcAitat. — Sandy  Lake  (East  Miuneapolia),  Clark's  Lake,  Graaay  Lake,  rtc. 
(8fee  PlnU  XII.) 

Daphnia  (Cariodaphnia,  Dana)  Reticulata, 

Satliooraphy.—Vlonocalaji  reticolatua,  Jurine,  Hist.  Nat.  Honoc,  139,  i.  14, 
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Daphuia  reticulata,  Dtmnarttt,  Cons,  gia  Croat,  374, 
M.  Edmtrdt,  HUt.  Nat.  Orugt.,  iii.,  381. 

Baird,  TmnB.  Berwa.  Nat.  Club.  ii„  148, 

Dt^nia  Teutricoea  ( ?)  Kotk,  Deutsch.  Crust.,  b.  XXXV.,  t.  21. 
Daphim  quodron^la,  MulUr,  Eot.,  90,  t.  13.  f.  4. 

Latreilh,  Nat.  HiaL  Const.  IV.,  227. 

HoDOculua  qoadrangulm  Gm*lin,  Linn.  Syet.  Nat.,  2999,  No.  24. 

Monocului  quadraii(rulariB,  Manuel,  Enc.  Mith.,  Til.,  723,  No. 15, 

MoDocuIus  quadrangulua,  Fabridus,  Eut.  Syst.,  ii.,  492. 

iVote. — 1  WB8  not  able  to  fiill;  aatufy  m;aelf  that  this  is  certainly  identical 

witli  die  apeciei  deecribed  by  Baifd  bat  there  are  no  good  reaaoiu  for  believing 

it  a  distinct  Bpecieg.    It  is  round  enough,  for  D.  robmda.    There  ia  an  evident 

spine  on  the  posterior  anele  of  the  ahell,  tltoufrh  it  sometimea  is  almoat  obeolete. 

The  reticdlattons  are  hexagonal  (?).   The  color  it  the  epedmens  examined  is 

gt«enish,  and  nwieoTer  the  anperior  antennte  agree  better  with  reOeulata  than 

rotttttda.    The  tiize  ia  imall. 

Dtacription. — Small  (.02  in.  or  over).  Carapace  oval  and  comparatively  very 
broad,  covet«d  with  hexagonal  markinKB.  Head  small  as  compared  with  the 
body,  and  more  nearly  at  right  angles  with  it  than  in  »ost  of  the  Daphnice. 
There  is  also  a  Blifht  depression  a  little  in  &ont  of  the  junctore  wiUi  the  bodf . 
Superior  antense  rather  larger  than  in  most  Daphniffi,  and  somewhat  movable. 
Inferior  aatenuGe  quite  large.    Beak  none.    Feet  u  in  the  larger  specJes. 

This  species  is  very  active  on  account  of  the  length  of  the  antennte,  which  have 
shorter  spines  (not  plumose)  than  V.  puUx.  It  presents  a  robust  appearance  ia 
Bwimming  either  on  its  back  or  face,  since  it  ia  much  broader  in  proportion  than 
most  other  spedea. 

Habitat. — Lake  Amelia,  Ciraaay  I«ke,  etc  Not  very  abundant  but  wide^ 
diabribnted. 

Baird  i^a  of  thia  apeciea:  "  llie  ephippinm  difien  considerably  from  that  of 
pitlex.  It  ia  more  rounded,  white  at  the  coitra,  with  a  large  tonnd  ampulla, 
oontaining  only  one  ovum.  When  the  animal  baa  the  ephippium  on,  it  pos- 
sessae  aeqnara  ^tpearance,  andistheP.  goadmn^ulaof  Muller." 

Thia  ia  one  of  the  commonest  speciee  in  many  of  our  lakes,  while  in  others  it  ia 
replaced  by  thepulw,  for  as  yet  I  have  not  seen  them  both  in  the  same  locality. 
Habitat. — Oiaasy  Lake,  Lake  Amelia,  etc. 
(See  Plate  VIL) 

Daphnia  aplnoia,  Henick. 

DMmption.— General  shape  of  the  Dophnia  pulex;  carapace  armed  at  the 
tipper  posterior  margin  with  a  rather  long,  serrated  spme.  The  fint  of  feet  are 
long,  bristled  at  the  extremity  as  in  young  speciroenB  of  D.  pulex.  The  anterior 
BjiteimEe  are  larger  than  in  pulex  and  two-jointed  and  sets-bearing  at  the  end, 
Foaterior  antenne  eiM^y  as  in  pulex.  The  eye  is  nearer  the  antennte  than  in 
otlier  spedea,  but  the  most  striking  peculiarity  is  the  pointed  apine  formed  by 
the  front  of  the  head,  which  is  very  marked.  Carapace  not  obviously  leticnlatad, 
tranaparent. 

/Tdfrttat.— Found  in  Lake  Calhoun,  but  not  in  large  numbers.    It  seems  to  in- 
bal^t  the  deeper  waters. 

(SeePlateXm.,  p.  1.) 
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(Sig. — long  hair,) 

Bibliography.— Jtaaoihrix,  Baird,  Ann.  Miff.  Nat  Hut,  XI,  87,  1313,  and 
XTII,  412;  Tmna.  Berw.  Nat.  Hiat.  clab.  ii,  149. 

Daphnio,  M.  EduHirds,  Hiat.  Nat  Crust,  iii,  384. 

Mulltr  ( ?)  Entomost. 

L;nceiu,  Drsmaretl,  Coaa.  Oen.  Et.  Part.  Croat.,  376. 

Houoculas,  Jumirte,  Hut.  Houoc,  0«nerc. 

Acantbocercae,  Sehulder  Ericka,  1846. 

Macrothris,  Dana,  Wilkea'  Ezplos.  Exp.  Report. 
Characttra. — Head,  beneatit,  either  nibacate  or  rather  obtuse,  anterior  antenne 

rather  long,  pendulous  from  the  beak,  eje  accompanied  bj  a 

tathec  large  black  npot  atthebaseof  tbeattennie;  seta  from  first 

joint  of  anterior  branch  of  inferior  antennie  mudi  longer  than 

the  othen. 

Maorothrix  aglll*,   Herrick. 

Ottcription. — Head  shield  (as  seen  from  above)  vei7  nearljr  square ;  bodj  car- 
apace pear  shaped;  eye  smaJlei'  than  in  Daphiiia  and  accompanied  with  a  ratlier 
liuve  black  spot  similar  to  the  obvious  spot  in  Jj^nceus,  but  even  larger.  Superior 
antaunce  very  long  in  comparison  with  other  members  of  the  famtiy.  Inferior 
antennie  rather  large,  armed  with  laige  eette,  of  which  the  spine  &om  the  end  of 
the  firstjoiut  is  extremely  elongate  and  plumose,  nearly  as  long  as  the  bodj. 
This  joint  also  has  a  email  spine  on  tiie  opposite  or  upper  ude  of  the  ramus. 

The  spine  from  the  second  joint  is  luger  tlian  in  Daphnia.  The  final  joint 
bears  a  smalt  spine  also  in  addition  to  Uie  three  sette.  (in  the  drawing  both  of 
the  nuni  have  the  elongate  seta.  This  may  be  a  mistime  in  the  observation, 
which  was  made  in  some  haste.) 

The  jaws,  feet,  and  posterior  s^^ents  of  the  body,  are  similar,  aa  &r  as 
observed,  to  like  organs  in  Daphnia. 

The  lower  and  posterior  part  of  the  margin  of  the  carapace  bears  a  numlier  of 
long  stout  spmes  directed  backward.  The  posterior  iHHly  filamenta,  instead  of 
tteing  simple  or  only  plumose,  are  divided  at  the  extremity  into  four  small  bristles, 
forming  a  tassel  or  brush  at  the  end. 

The  inteatine  is  not  convoluted  but  is  more  abruptly  curved  and  depressed  near 
the  head  than  in  Daphnia,  thus  approaching  Lynceue. 

The  motions  of  this  interesting  animal  are  lively  and  impetoous,  it  being 
assisted  by  the  long  filaments  of  the  ontennce,  which,  with  the  body  spines  and 
etzong  teebh  of  the  shell,  give  to  it  a  spider  like  aspect. 

This  species  difiers  materially  from  an;  described  by  Baiid,  or  any  other  anOior 
with  which  I  am  iamiliar,  but  even  if  the  elongate  filaments  should  prove  to  be 
common  to  Iwth  rami  of  the  antennte,  it  mu^t  fall  in  this  genus. 
Btdiitat. — Only  olwerved  in  Rocky  Lake,  a  small  pool  near  East  Minneapolis. 

Plato  XIV. 

OEHUB  Lynoeus,  Mailer. 

This  gmuB  was  rq'ected  by  Dr.  Baird  who  founded  upon  ite  remains  a  number 
of  genem,  most  of  which  wore  rdjeded  in  turn  by  Prof.  Dana,  who  recognized 
the  following: 
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LyneeuB,  Eurycereiu  and  AUma. 

hgncaii^Eurgcercua  of  Dr.  Baird.  , 

•     Euryeerefts^-Chydontt,  Percantha  and  Pkuraxua. 

Alana — Alona,  Acroperas  and  Camptoceratg. 

la  the  Kenos  Alona,  he  sqre.  the  beak  diTeigea  from  tbe  body  at  a  laige  augle 
(60°  to  90°)  with  the  shell  adjoining,  while  in  Lymxua  it  ia  nauallj  cnrred  pai- 
aUelto  it 

Bat,  a£  Dona  himself  admits,  the  distinctioDB  are  of  doubtful  importaoce,  and 
it  would  seem  pt^erable  to  retain  Mullet's  old  genui  institated  for  all  of  these 
forms  GoBxi  to  farther  complicate  the  matter  nnldl  a  large  amount  of  material 
shall  be  gathered  and  compared.  The  species  observed  will,  therefore,  be  briefly 
described  and  tJie  probaUe  place  in  the  rgected  genera  indicated. 

LjriiMU*  miorourut.    Mollis. 

Biblioffraphi/. — Lyncens  macioaras,  Muller,  Dan.  Prod.,  2S97. 

Latreitle,  Hist.  Nat,  Crust.,  207. 

M.  Edwards.  Hist.  Nat.  Crurt.,  iii.  388. 

Monocalus  macroarus,  Oetulin,  Spit.  Nat,,  3008,  No.  &5. 

MonoculuB  macrouras,  Manuel,  Enc.  Mlth.,  vii,  733,  No.  68. 
' Fabrjdus,  Ent.  Sjst,  ii,  499. 

Camptocercus  maciounis,  Baird,  Ann.  and  Mag.  Nat.  Hist,  ii; 
Truns.  Berw.  Nat.  Clab.  ii,  150;  British  Butomost.  p.  128. 
Description. — Carapace  pear-shaped,  transparent,  finely  lined  longitudinally, 
ejnuated  on  the  lower  marKiiii  which  is  ciliatvd  tor  mot>t  of  its  length.  Head 
rather  small,  with  a  short,  bluat  l>eak  projecting  straight  downwards.  Superior 
antenne  ralber  large,  situated  about  half  way  from  the  extremity  of  the  beak  to 
the  body.  Infflriorantenmelong,  with  longaetieatthe  extremity,  eyes  small,  first 
piur  of  feet  large,  abdomen  very  long  and  slender,  serrated  with  well  marked 
teeth  on  the  posterior  edge  and  terminating  in  the  usnal  pair  of  clawa.  The 
extreme  length  and  narrowness  of  the  atmmen  formed  the  t)asia  of  the  genua 
eamptoeereus  of  l>r.  Baird,  this  species  being  the  only  one  described  onder  it. 
The  intestine  is  convolu<«d,  and  there  is  an  opening  near  the  juncture  of  the  last 
segment  of  the  abdomen  with  the  rest  of  the  body  from  which  a  long  vessel 
begina  and  extends  above  Ihe  atomach,  as  at  (a)  Fig.  1,  Plate  XV.  This  epecies 
is  quite  abundant. 

Lynoeua  quadrangularla,  Muller. 

Bibliography. — Lynceua  quadrangularb,  Mulltr,  Zool.  Uan.  Ptod.,  No.  2393, 
1876. 

LalreitU,  Hist.  Crust,,  208. 

Baird,  Trans.  Berw.  Club. 

M.  Edwards,  Hist.  Cnist.,  iii.,  388. 

Kock,  DeuUch.  Crust.  L.  XXXVl. 

MoDOCulus  quadrongulne,  Gmelin,  Maduel. 

MonocnluB  quadiangularis,  Fabrictus. 

Monocnlns  striatiu(?)  Jurine. 

Al^na  quadrangnlaris,  Baird,  Ann,  and  Mag.  Nat.  Hist.,  ii.  93 

Trana.  Berw.  Club,  ii.  151; 

Entomostmca,  p.  131. 
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D<«enprio».— Carapace  ovate  qoadran^lar,  but  Bomewhat  mriable,  being  in 
some  specimenB  quite  abniptly  rounded  on  the  posterior  margin,  while  in  others 
it  is  almost  truncate;  slieli  of  a  yellowish  or  brown  color,  heavily  marked  and  ■ 
ciliated  below.  Beak  blunt,  varying  in  position  in  different  individuals.  Abdo- 
men flat,  sinuated  at  the  extremity  and  bearmfr  Ions'  claws.  Anterior  antennsa 
of  moderate  sixe.     Eye  rather  lar^.     larger  anl«nnfe  rather  long. 

Total  length  between  .03  and  ,04  in  This  epecies  is  also  quit«  abundant, 
and  if  I  am  right  in  referring  it  to  the  L,  qiiadrangularis  of  Muller,  is  quite  vari- 
able. Drawings  made  Irom  individuals  collected  at  different  localites  on  com- 
parison show  minute  differences  of  form  end  markings.  The  intestine  is  strODgiy 
convoluted  in  this  apedeti,  but  the  dark  color  of  tbe  shell  usually  interferea  with 
obaervations  of  the  organs  within. 

Plate  XV.  fig.  2. 

Lyneeui  (pharious,  Muller.  (?) 

Bibliography. — Lynceus  sphEericus,  MuUer. 

Latreilh . 

Lama  rclr. 


Jtf.  Edicarde. 

Pricha  fd. 

• Koch. 

MoQoculns  spluericus,  Gmelin. 

Manuel. 

Fabriciua. 


ChydoroB  Mullen,  Lrach. 

ChydoruB  spb^ncus,  Baird,  Ann.  and  Bfag.  Nat.  Hist.  ii.  89, 1 2; 
Brit.  Entomst.  p.  126. 
Descrii^on. — Baird's  description  of  this  spedee  is  applicable  to  any  one  of 
several  almost  equally,  and  the  only  recourse  seems  to  be  a  reliance  on  the  fiifiiie 
he  gives  with  which  our  apecies  seems  to  correspond  quite  well. 

The  shell  is  round  and  nearly  blunt  behind,  tlie  antennae  are  qnite  small,  10 
that  tbe  animal  rolls  slowly  along  tike  a  corpalent  sailor  on  land.  Not  enousti 
attention  haa  been  devoted  to  this  and  the  following  species  of  the  genus. 
Length,  .08  in.    Plate  XIII,  &g.  2. 

Lynuua  ip,? 

See  L.  (Pleuroa)  trigonellas,  P.  ondnatua  etc.  cf  Baird. 

The  animal  figured  in  Plate  XII,  Fig.  S,'  evidently  belongs  to  the  genus  PIm- 
roxui  of  Baird.  In  eiaminrng  several  specimens  the  turned  np  beak  waa 
found  in  several  cases  while  in  others  it  was  seen  as  represented  at  (Sa)  of  the 
same  plate.  Dr.  Baird  separated  two  species  on  the  ground  of  this  variation, 
but  it  does  not  seem  to  t>e  a  apedfic  character.  The  length  is  ,09  in.  in  the 
species  seen,  and  except  that  the  shell  is  longer  in  proportion,  agrsea  pret^  well 
with  L.  trigonellns,  Mnller. 
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AiioUker  member  of  tiie  grentu  differing  from  ait7  description  met  with  is  shown 
in  plate  XTI.  It  is  the  smatleet  form  seen,  not  exceeding  .02  in.  The  feet  are 
proportionally  large,  aa  is  the  eye,  while  the  antennEB  ate  quite  small. 

VAKiLY  Bosmlnlda. 

This  famiiy  has  been  removed,  by  Frof.  Dana,  (justly  it  would  seem  to  ue) 
from  Dahpnidce.  The  general  appearance  a  uniqae,  and  the  charBcteristica  of 
the  sap^or  ant»iiilB  places  the  only  member  in  the  single  genna  compoaing  this 
bmily  at  quite  a  distance  irom  Daphnia  and  its  alhee. 

CAaracterMeic^.^Foliaceous  feet,  ten  in  number;  anteiior  aiit«iuite  elongate  and 
many-articulate. 

OEinTe  Boamlna. 


Uonocnlus,  Jurine. 

Lyncens,  Mulhr.  ,  . 

LatreiUe. 

Boamina,  Baird,  Trans.  Berw,  Nat.  Club,  18i5 ;  Ann.  Mag. 
Nat.  Hist.  VI.,  «2. 
Note.    (Name) — "Boimina,"  a  daughter  of  Fingal. 
0«Mn'c  charactera. — Superior  antemue  long,  curred,  cylindrical,  consisting  of 
many  email  articulabons,  and  projecting  fiom  the  extremity  of 
the  benk;  inferior  anteimfe  small  as  compared  with  size  of  the 
body. 

Boimfna  longlrmtrl*. 

Bibliographf. — Lynceua  longitostris,  MulUr,  Zool.  Dan.  Prod.,  No.  2394;  Ento- 
moBt.,  76. 
Latreille,  Hist.  Nat.  Crust.  IV.,  20&. 


—Fabrieius,  Ent.  Syst.,  ii.,  499. 


Monocnlns  cornnlus,  ./urine,  Hist.  Nat.  Monoc. 

Daphnia  conmta,  Dcantorttt,  Cons.  Gen.  Crust. 

Baird,  Ann.  Mag.  Nat.  Hist,  ii.,  257. 

M.  Edaard,  Hist  Nat.  Crust.,  lii.,  332. 

Bcamina  cotnuta,  Baird,  Trans.  Berw.  Nat.  Club. 

Eunica  tongirOBtris,  Koch,  Dentsch  Crust.,  h.  XXXV.  t.  23. 
Dtaeriplion.—GeDfSTvii  form  vaiying  from  nearly  square  to  an  irregolar  pear 
shape  (the  targe  portion  anterior);  carapace  terminated  on  the  lower  posterior 
margin  by  short,  curved  spmea.  Head  of  moderate  size,  eye  large,  superior  an- 
tennie  long,  projecting  &om  the  beak,  consisting  of  many  articulations,  the  sev- 
enth joints  famished  with  sete.    Inferior  antenme  smalL    Ova  few. 

The  length  of  this  animiLl  is  less  than  .02  in.,  which  makoa  it  a  difficult  matter 
to  clearly  discover  Q^  structure  of  the  organs. 

The  superior  antennte  aie  nearly  immoTabte,  and  being  cloady  in  joitapoution, 
give  the  ^ipearance  of  a  long,  jointed  beak  or  trunk.    In  &cb  the  first  idea 
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Boggested  by  this  bizarre  creature  ie  a  peculiu;  bnrleeqae  (m  the  cdei^iaiit.  It 
requiraa  &Torableiigbt  and  a  bigb  power  to  stady  the  nature  of  the  Bntenna. 
The  feet  are  opparentij  wider  than  in  Daphnia.  IlDder  a  fovorftble  light,  l^e 
caiapace  is  seen  to  be  retacalat«d  with  hexeKonal  celU(at  least  near  the  edge)  and 
is  coveted,  in  some  specimens  at  least,  bj  exceedingly  minote  tubeiclee.  The 
motion  is  steady,  progieemve,  and  not  saltatory,  u  in  many  Daphnia,  which  ia 
dne  {as  in  Lyncete)  to  the  shortness  of  the  ontennEe.  The  species  from  which 
this  description  is  drawn  may  be  dirijnct  from  the  Umgirotlris  of  Baird,  hut  on 
comparing  both  alcohohc  specimens  and  drawings  made  from  hiing  specimens,  no 
differences  of  importance  were  detected.  ThereiJcolated  and  tubercolated  natoie 
of  the  shell  may  be  a  local  Taxation,  or  may  have  easily  escaped  his  notice.  The 
fbrm  of  the  shell  demonstrably  varies,  and  so  probably  does  the  number  of  appa- 
rent joints  to  tiie  mpeiior  antenoee.  The  species  was  found  in  only  one  locality, 
having  been  dipped  with  a  bottle  from  the  bottom  through  the  ice.  but  the  time 
of  collection  is  lo«t.  Lat«r,  carefnl  search  was  made  during  autumn,  but  no 
specimens  rewarded  the  pains.  The  markings,  and  jointing  of  the  antennra 
would  make  good  teste  for  microscopes  of  moderate  power,  for  such  as  are  intei^ 
ested  in  this  suttject. 
Habitat. — Johnson's  lake,  Minneapolis. 
{See  Plat*  XVn.) 

TRIBX  III.  GTPROIDSA,     Dana. 

Ciaroctsra.— Dana  gives  the  following:  "  The  Cyproidea  differ  from  all  other 
iTDStacea  except  the  Ltmaoida  [and  Sotatoria\  in  the  Bbeenoe 
of  the  pairs  of  appendages  belonging  to  all  the  normal  ceptudo- 
thoradc  segments  po«t«rior  to  tbe  eighth,  that  ia,  to  the  abc 
post«rioT  of  these  wgrnents.  The  last  two  of  these  six  pairs 
are  obsolete  in  all  the  Lophropoda;  and  in  the  Cyelopoidea  and 
Daphnioitiea  the  Qrst  four  of  them  art  natatory  and  foliaceous, 
together  with  also  another  pair,  next  anterior  in  most  speciee. 
The  pairs  of  appendages  present  in  Uie  Cyproidea  posterior  to 
the  mandibles,  in  number  fbor  pairs,  are 'divided  variously  be- 
tween mouth  and  lega."  This  tribe  embraces  two  families,  only 
one  of  which  is  represented  in  our  locality,  and  aside  from  the 
general  characters  of  the  oceanio&mily  we  mast  confine  onraelvea 
to  the  other. 

FAxiLT  I.  Oyprida.    Daaa. 

CkaracUn. — Antennte  of  the  second  pair  subterete,  three  to  five-jointed.  Uan- 
dibles  two-branched,  the  main  branch  or  body,  denticulate  at 
the  eilfemitj,  the  minor  branch,  or  palpus  several- jointed,  palpua 
t«mot«  from  the  apex  of  the  mandible;  eyes  with  their  pigments 
united,  minute,  with  spherical  lenses.  Feet  either  two  or  if 
more,  slender  and  pediibrm. 

BCB-FAULY  1.  cTFBiHA.    Dana. 

BSiliography, —Cj^m,  UuUer  and  others. 

t^yitroides  {in  part)  M.  Edtcardt,  Hist.  Hat.  Crust. 
Crpiidfe  {in  put)  Boird,  Trans.  Berw.  Club,  ii,  15S. 
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Cjpddm,  Baird,  Brit,  Entomoat,  p.  ISO. 
Charaeterw. — Feet,  two  ptun;  anterior  alender  and  pedifonn,  posterior  veak; 
Abdomen  elonf^te,  bearing  two  clawed  appendajfea. 

like  cypriiue,  in  commoa  with  aJl  the  members  of  liiia  tribe  are  endoaed  in  K 
brittle,  mnsael-like  shell  which  hides  from  view,  in  general,  all  of  body  and 
membera,  except  the  extremitiea  of  the  two  pain  of  antennie  and  a  pair  of  feet. 
The;  vary  in  size  fixim  an  animal  of  auffitdent  aiza  to  be  easily  watched  with  the 
naked  eje,  and  resembling  a  amall  Unio  in  shape  and  color,  to  creatorcs  ao 
minnte  that  it  is  with  the  gieateat  difficultr  that  Uke  valves  of  Qie  shell  are 
lemoved  without  deatioymg  tiie  parta  wiQiin  completely.  This  peculiarity  of 
theM  animala  renders  them  among  the  most  difficult  in  all  this  order  to  atady. 
The  shell  ia  oaually  opa^e.  and  aometjme  beantdiiilly  colored  and  fringed. 
When,  however,  the  soft  parts  within  are  eeparated  &om  the  crustaceoaa  envelops 
the  beantj  and  peculiarity  of  the  stmctiire  well  lepays  the  atudent.  The  ahell 
it  compoeed  of  two  valvee,  which  are  only  united  for  a  abort  part  of  the  dorsal 
margin,  and  which  are  held  togetlier  by  muscles  which  are  under  tlie  control  of 
the  animal.  Tbeee  valvea  are  Eymetrical  with  each  other  io  general  and  are 
covered  by  a  sort  of  varnish,  which  aeema  to  repel  the  water  ae  ttiat  when  the 
oeature  takes  air  within  the  valvea  of  the  ahell,  and  hence  floata  upon  the 
inrface  it  is  impoeaible  to  cover  it  wiQi  water  to  prevent  the  glitter  from  the 
snrfoce,  while  the  air  within  prevents,  by  its  refraction,  a  view  ot  the  interior 
in  mcb  as  are  tianaporent.  On  removing  the  shell  the  body  is  seen  to  consiat  of 
two  parta,  of  which  the  anterior,  or  cephalothorax,  ia  couaiderablj  the  larger 
and  is  fnnushed  with  organs  as  follows:  first,  the  eye,  sitnated  on  tfae  upper 
portion  of  the  antenor  aapect,  which,  according  to  Boird,  has  no  crystallinee. 
By  Dana,  however,  two  lenaea  are  deacribed;  second,  theauperiorantenncB,  which 
are  in  general  seven -jointed,  and  setigeroua.  These  organs  are  always  kept  in 
vigOcoUB  motdon  when  the  animal  awima.  The  setn  ore  sometimM  plumose  i  third, 
the  inferior  antennte.  These  are  more  like  feet  than  antennce  and  are  five- jointed, 
and  in  one  genua  abundantly  covered  with  (sometimes  plumose)  sette.  In  all 
they  are  funiiahed  with  strong  dawa  at  the  extremity;  fourth,  mandiblea,  which 
are  composed  of  two  parts,  the  main  portion  consisting  of  a  triangular  plato 
terminating  below  in  a  curved  neck,  bearing  at  the  end  a  number  of  teetb.  From 
the  base  of  the  neck  ariaea  a  aeoond  portion,  which  is  three  or  four-jointed  and 
■etigerooB.  From  tfae  end  of  the  first  ioiht  of  this  palpus  sprincrs  a  small  plate 
(branchial?)  which  has  several  fine  filaments;  fifth,  first  pair  of  maxillaa.  These 
organs  oonaist  of  a  basal  portion  and  the  proper  maxillEe  which  ara  of  two  rami, 
each  mmna  being  famished  with  aette.  There  is  also  an  attached  branchial  plate 
extending  within  the  shell  directed  upwards  and  backwards;  sixth,  maxillipeds. 
These  oiyana  vary  in  Cjpris,  Aa  figured  by  both  Dana  and  Boitd,  they  are  of  two 
rami,  or  hare  a  "mazillaij  process,"  but  in  the  spaciee  of  Candona  here  figured 
tfaay  seemed  to  reaemble  the  moxiUipeds  of  the  Ci/elopoidea;  seventh,  first  pair  of 
feet.  These  ai«  fire-jointed  and  terminate  in  a  strong  hooked-claw  whi<^  is 
directed  fonrard,  opposing  the  second  pair  of  autennffi. 

Ilie  second  portion  of  the  body  or  abdomen  has  but-two  seta  of  appendages, 
-which  are  the  second  pair  of  legs  and  the  caudal  atylets.  The  second  pair  of  \ega 
are  slender  and  four-jointed,  and  «n  directed  bodiward  along  the  abdomen. 
The  caodal  appecdagea  are  long  and  terminate  in  two  clawa.  The  anna  opens 
between  tfaem.  Of  Uie  other  organs  htQe  or  nothing  ia  known.  Baird  waa  in 
doubt  whether  they  were  hermaphrodites  or  one  copulation  sufficed  to  render 
the  mother  and  her  ofispring  fertile  for  life,  aa  in  Daphnid,    I  liare,  however. 
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observed  copulation  in  Cgpris,  and  tlie  pecnliar  orgsna  tepresented  in  the  p\ate 
of  CgprU  seem  to  be  legbricted  to  the  male,  so  that  it  ia  certain  that  the  sexes 
are  distinct 

These  minute  creatuFee  moult  frequextlr,  casting  off  in  the  process  ttie  minn- 
teet  haits  aa  well  as  the  shell. 

This  rab-famil;  contains  two  genera,  both  of  which  ore  represented  bj  a  few 
abundant  species  within  our  limita. 

GEHDB  1.    Cyprfa,  Moller. 

Characters.— Antennn  of  the  second  pair  fuinished  at  the  end  with  a  bundle  of 

ion?  hairs,  by  means  ccT  which  the  ammal  swims  &eelj  in  the 

wat«r.    llie  structure  is  that  of  the  sub-flunily. 

It  is  very  difficult  to  characterize  the  species,  and  it  will  be  necessary  to  rely 

chiefly  on  the  figures,  aince  there  is  Utile  variation  in  internal  stnicture  between 

the  spedes. 

Cyprh  vidua,  Muller.  (7) 

Bibliograpkg.—Crpne  vidua,  MulUr,  Zool.  Dbb.  Prod.  No.  2fe4. 
Latreille,  Hist.  Nat.  Crust.,  TV.  2i6. 

Boae,  Man.  d'Hist.  Nat  Cnist. 

Deamaregt,  385,  t.  56,  p.  4. 

Baird,  Trans.  Berw.  Club,  i 


— Jtf.  Edwards,  Hsst.  Nat.  Crust., 


Uonoculna  vidaas,  Grmlin,  Linn.  Syst.  Nat.,  SOOS,  No.  42. 

Manuel,  Enc.  Mfith.,  vii.,  726,  No.  36. 

• Jurine,  Hist,  Nat,  Monoc,  175. 

Rut,  Cyclopedia,  art  Monoc 

Honoculns  viduatua,  Fabricim,  Ent.  Syrt.,  ii.  496. 
(I  here  give  Dr.  Baird'e  description  verbatim  for  compariaon  with  the  figure.) 
Description. — "  Shell  of  oval  form,  a  Utile  ainnated  cm  the  under  margin,  and 
beeet  all  round  with  dense,  fiine,  short  hairs.  He  color  is  dull  white,  and  the 
valves  are  distinctly  marked  with  three  black,  somewhat  waved  faadn  runnins 
tranaversely  across  the  sbeU  at  equal  distances,  the  moet  antmoi  of  the  three 
being  smallest.    Posterior  margin  rather  narrower  than  anterior." 

This  spades,  if  it  be  the  one  tigured  beyond,  is  the  most  abundant  of  this 
fomily  here,  inhabiting  all  the  pooU  and  lakes.  It  ia  qoita  small,  appearing  as  a 
■moll  apeck,  either  floating  on  the  surfaoe  or  Bwimming  rapidly  about,  with  a 
sort  of  running  motion,  reminding  one  of  the  haste  of  an  esdtable  man,  in  its 
seeming  uncertainty  and  briskneBa.  In  figure  1,  the  ahell  is  represented  as  tiana- 
parent,  to  indicate  the  position  of  the  organs.  The  size  and  ah^>e  of  the  dark 
bonds  upon  the  shell  vary  in  different  individuab. 
(SeePlateNo.  XVII.  fig.  1.) 

Cypria  negleota,  Herrick. 

Thia  spedes  is  apparently  different  from  any  other  which  I  have  aeen  described 
The  sixe  is  very  small,  little  exceeding  .01  in.  in  length.  The  shtqM  is,  as  seea 
bom  Uie  side,  a  very  perfect  oval,  not  sinuate  below,  but  narrower  posteriorlr 
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Uian  in  tttrnt.  The  lower  edge  of  the  abell  ii  nUier  ibaigyi,  while  the  afpw 
narrows  behind,  to  form  th«  more  acate  &pez.  The  oolor  is  dull  white,  withoat 
markinfpi  of  any  land.  The  shell  is  more  gibbons  than  an;  of  the  other  spesiea 
seen,  and  is  quite  glabions. 

The  anteniue  and  feet  an  not  protmded  as  far  aa  in  vidua.    This  epedei  i* 
also  abundant. 

Plate  No.  XVII.  fig.  2. 

8BKUB  Oandona,  Baiid. 

Baird's  Brit.  Entomost,  p.  151. 

Charaettrs, — Distinguished  from  Cypris  b;  tiie  abaence  of  the  tuit  of  long  hairs 
on  the  aecondai;  autemiK,  and  the  consequent  creeping  method 
of  locomotion,  and,  peAaps,  by  a  difference  in  the  form  of  the 


Candona  ornata.    Hernck. 

Reeemblee  in  size  C.  lucens  of  Baird,  and  is  of  somewhat  the  same  shape. 
The  lower  posterior  margin  is  acnte,  the  lower  margm  is  sinnated  and  the  whole 
margin  is  beeet  wit^  hairs.  The  edge  of  the  shell  b  a]«>  bordered  by  a  series  of 
of  markings;  the  antennie  of  the  second  pair  are  totally  without  setie  as  far  a* 
obserred;  tlie  shell  is  whit«  and  opaque  with  pearly  lustre.  This  species  is  not 
very  gibbous.    (See  Plate  No.  XX.,  Fig.  1.) 

Oandona  (7)  aPongata.    Herrick. 

Shell  reuifbrm,  vety  elcmgate,  white,  gjabrmisi  the  nmbones  of  the  valves  are 
about  two-thirds  the  distaooe  ftom  the  anterior  to  the  poeterior  dorsal  margin;, 
the  portion  of  the  shell  anterior  to  the  ^ominence  thus  formed  is  narrower  than 
the  posterior.  It  is  questionable  whether  this  be  a  member  of  the  genna 
Candona  or  in  realitj  a  Cypris.  The  animal  is  quite  large  and  the  stmctoie  was 
more  clearly  made  ont  than  in  the  above.  The  same  pair  of  bodies  seen  in  the 
male  Cypria  vidua  was  found  in  this  animal,  the  form  of  the  nuuillipeds,  more- 
orer,  was  toond  to  differ  from  that  given  undw  the  genos  ^prit  by  Dana.  It 
is  to  be  hoped  that  some  one  may  be  able  to  devote  a  little  patient  study  to  this 
proitp  and  dear  up  the  babila  and  straoture  as  well  as  the  history. 

Bm-rAUtLT  II.  OrTHBUH  JI. 

Grtberidn,  Baird,  BriL  Entomostraca,  162. 
CharaeUrt. — Feet  six,  all  slender,  alike  and  pediform. 
OeMua  1.    Cythere,  MulUr. 
Shell  thin  and  light,  tail  short. 
0«nu«  2.    Cytharcia,  T.  B.  Jonts. 
Shell  oomigiilate  at  tabnrculate,  animal  unknown. 

FAHILT  II.     EALOCXFBIDJB. 

^lia  bmily  indods  two  lub-fomilieii  and  three  geikera  of  oceanic  spedes  difiet- 
jpg  in  almoat  all  the  organs  ftom  the  above, 
S      , 


byGoO'^lc 


114  AXSUAL  BXPOKC. 

BUB-OBDBR  PHrLLOPODA.     (ng.  Leaf-footed.) 

BAtiography.—ThjaovodA.  LatreilU,  Hiat.  Nat  Cnut.,  IT.,  130,  1802. 

Ltaeh,  Diet.  Sc  Nat.  XIV.,  art.  Entomost. 

M.  Edmarda,  Hist  Nat.  Cnutt.,  iii.,  351. 

■   ■  Dttmareit,  Consid.  Gen.  Croat.,  357. 

J.  E.  e?-oy,  Synops.  Brit.  Mug.,  1M2. 

Burmeisler,  Orgsniz.  of  Trilobites,  34. 

Lutae,  Explor.  8c.  de  rAlgrerie,  Crnst.,  81. 

Phyllopa,  LatreilU,  Cut.  B^gne  Anim.,  IV.,  ITl. 

BraacbiopodeB  I^mellipedes  and  Bianchiopode*,  Gean*(iit  part), 
Latmtrck,  Hut.  An.  S.  Vert.,  V. 
Charaetert. — Number  of  abaonnal  feet  greatly  multiplied. 

TBIBK  I.    ARTEMIOIDRA. 

Family  1. — Artemiodce  (Branchipodidfe.) 
Family  1.-  NebtJiads. 

THIBH  U.     APODOIDEA. 

Family  1. — Apodidte. 

TBtBB  m.     UMMADIOIDBA. 

Family  1.-— LimnioidiB  (Eetheridee.  V) 


Bibliography, — Branchi plena,  Edwardt. 

Branchiopoda,  Leuch. 

BniDcbipodidn,  Baird. 
CharaeUra. — Cephalotliorai  many-jointsd,  either  covered  by  the  carapace  or 

not.    Appendages  of  the  cephaJothorax  many,  foliaceoui  ud 

branchiform.  Eyes  peduncled. 
Artfitioidea  includes  Chirocephalm,  ( Branchipus)  Evlimme,  Artemia,  Bran- 
ehintcta,  Eubranchipui,  Slrepiocephaluii,  Nebalia,  etc.  These  agree  in  having 
peduncled  eyes,  divided  poEteriar  tbomcic  legs  and  a  straigbt  abdoueo  terui- 
nated  by  spines  or  plates.  This  tribe  is  quite  natuially  divided  into  the  two 
&mil;ea  of  which  yebalia  constitutes  Uie  one,  while  the  remaining  genera  fail 
quite  readily  into  the  other. 

FAViLY  ArtomiadM. 

Bibliography. — Bnucliipoda,  Leach 

Branchipiens,  Edwarda. 

Bntnchipidie,  Barmtister. 

Bronchi puaidfe,  Baird,  1845. 

BmnchipodidE,  Baird,  later. 

Most  modem  aulhora. 

Charaettrt. — Cephalothorax  many-articulate  as  fiw.  as  the  bead,  but  nowliere 

covering  the  body.    Feet  foliaceouH  and  numerous. 
Dana  aubdividu^  this  family,  forming  of  the  genus  EalitHcru,  which  has  twenty- 
two  branchial  feet,  the  sub-family  Eulimenina,  leaving  Chin>e*phatus,  Artemia, 
etc.,  as  the 
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BUB-FAMILT  CHtBOCBPHAXUA. 

CharaeUn— Body  ilender,  abdomen  long  and  man;  jointed,  antennie  of  the 
acomtd  pair  in  the  female  veiy  short  and  brood,  while  thoae  of 
ttie  male  axe  preheutible. 

fiERUB  Ohlrooaphalu*.    (Sig.  hand-headed.) 

BiUiographj/.—Chixwsephaim,  Preeoet,  Jour,  de  Bhfi.,  Ivii.,  37, 1803. 

TItompton. 

BmncbipoB,  M.  Edwarda. 

Fi»eh»r. 

LatrtHUt. 


Ino,  Schrank,  \Sm. 

Oien. 

Ganoer,  Shato. 

Some  member  of  this  aab-family  was  foand,  during  the  autumn  monUia,  in  a 
pool  by  the  road-dde  but  no  accaraCe  drawinsfB  were  made  and  attempts  to 
le-ducorer  it  have  &iled,  bo  it  remains  nncertain  what  species  it  wa«.  A  fifrure 
is  given  of  Chirocep'hal'ut  diaphanm  and  the  following  discnption,  moatl<r  from 
Dr.  Baird's  work,  will  serve  bo(h  for  a  better  nndentaudiug  of  the  genos  and 
for  comparison,  when  other  spedmens  ere  olitained. 

The  bead  cvnAsts  of  two  MKmeuts,  the  poeterior  of  which  is  moie  slender 
than  the  anterior,  and  is  DBually  called  the  '*neck." 

The  antenns  are  Tery  important  in  the  whole  group,  m  famishing  biisis  for 
ctasaification.  The  superior  anteouEe  are  alike  in  male  and  female,  and  are 
filiform,  straif^t,  man  J- jointed,  and  veiy  flexible.  At  the  extiemity  are  a  number 
of  imallsetEB.  The  joints  of  these  antennoe  are  with  difficulty  seen.  The  length 
equals  the  head.  The  inferior  pair  of  anteunee  are  curioas  organs,  from  which 
the  genus  derives  ita  name,  and  have  been  mistaken  for  madiblee  and  varioua 
other  entirel>  different  organs. 

They  are  eeaentially  piehensile  organs,  and  consist  chieSy  of  two  large  appen- 
dages, which  occupy  the  fbiepart  of  the  head,  and  are  curved  downward  toward 
the  Uiorai.  The;  are  articulated  about  the  middle  of  then:  length;  the  first  joint 
being  large  and  fleshy  and  having  a  short,  movi^le,  conical  appendage  on  ita 
external  edge;  the  second  being  curved,  cylindrical,  somewhat  flattened  at  ite 
•xbemity,  and  bearing  a  strongly  toothed  process  at  the  base. 

Arising  from  the  base  of  the  first  joint  of  each  of  these  appendages  is  another 
•et  of  organs,  colled  by  Shaw  "the  trunk."  These  each  consist  of  a  long,  flat, 
curved,  vary  flexible  body,  composed  of  many  short  joints  the  edges  of  which  are 
BCDte,  giving  tf  toothed  sppearance  to  thi«  organ.  From  the  enter  edges  of  these 
arise  four  long  and  flexible  appendages,  which  are  toothed  near  the  end,  and 
also  a  triangular  plate  which  is  folded  like  a  fan  when  not  in  use.  [This  is 
removed  in  fiigure  b  of  plate  1,  bnt  shown  at  d.)  These  organs  are  generally 
canied  rolled  onder  the  head,  somewhat  in  the  manner  of  the  proboads  of  a 
batterfly,  being  only  visible  externally  as  a  protuberance. 

These  prehensile  organs  ate  uaed  in  letainiug  the  female  dnring  copulation. 
In  the  female  they  are  much  more  nmple,  being  simply  two  flexible,  bom-likv 
bodies,  carrying  none  of  the  appendages  which  pertain  to  the  male. 
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The  eyes  an  large,  wavtx  and  oompomid,  aad  are  ntoated  on  laUier  lar^ 
pedunclM,  which  an  morable;  Uie  mouUi  ccmsiiting  of  alabrnm,  apair  of  mau- 
diblea  and  two  pain  ^jawi. 

^M  thorax  cooaiita  of  eleren  (egmeota.  each  b«arui|r  a  pair  of  branchial  feet, 
which  are  largfe  and  foliaceooi,  and  consut  of  three  joint*.  The  firat  is  the  larg- 
est, and  bns  on  iti  lower  edfi«  a  semidrciilai  branchial  plate,  which  it  fvniiibed 
with  about  fori?  plumose  haits;  the  second  joint  of  the  feet  bean  on  its  inner 
aide  three  prqjedions,  each  of  whifh  sends  offltHig  hairs;  the  third  joint  i»  lon^, 
bearing  plnmoae  Mta. 

The  abdomen  is  compoaed  of  nine  aegmenta,  whidi  are  dertud  of  appendagea, 
except  the  two  terminal  plates,  which  are  beset  on  their  edges  wiUkplumoaeseln. 
Id  the  female  there  is  an  external  oTiferoiu  ponch. 

He  dorsal  Tenel  or  heart,  commences  near  the  bead,  and  tararersea  the  whole 
length  of  the  bedy.  When  foil;  grown  it  is  apwards  of  an  indi  in  length,  slen- 
der, of  a  cylindrical  form,  and  nearly  tmiBparent.  The  male  hai  a  reddish  tinge 
throQ^ont.  The  tail  is  of  a  beantifol  H.d;  the  faasal  joint  c^  the  prehenails 
■ntemuB  a  bluish  green  lipped  at  the  end  with  red.  'llie  back  of  the  female  is 
blniah,  and  the  0<rai7  brown, 

lliese  are  beaatiful  ftm"»na.la,  and  may  be  seen  in  fine  weather  balancing  them- 
sefres,  near  the  snr&ce  of  Hie  pools  they  inhabit,  by  maani  of  their  branchial 
Ceet;  but  when  disturbed  the;  stiike  the  wata;  from  right  to  left,  and  dait  away 
like  a  fish,  to  conceal  tbemselres  among  the  weeds  at  the  bottom  of  the  pond. 

REKUB  Branchineota. 

CAanu(«r«. — FtKm  rather  slender,  with  the  medium  appendages  longest,  so  as 
to  somewhat  resemble  Arttmia  in  ontline,  but  larger;  male  witJb 
rather  slender,  rounded,  two-jointed  claspers.  Egg-pouch  mnch 
elongated. 

fixRus  Eubranohlput.    (Verrill.) 

CAometer*.— Body  robust;  made  with  large  head  and  very  stoat  claspras;  fin 
jmnt  of  claspen  much  swoolen,  c^iable  of  retracting  bass 
portion  of  the  second  joint  into  their  cavity;  second  joint  stoat 
at  the  baae,  in  the  typical  species  with  a  large  tooth  on  the  inside, 
the  outer  portion  tapering,  rather  obtuse.  Frtuit  of  head 
between  the  daspers  beats  two  thin,  flat  tapcgnng  appendages. 
Caudal  appendages  long.    Egg-pouch  short  and  thick, 

oKRDs  Stnptooephaliia.    (Baird.) 

Charaettn.—italB  daspers  long,  three-jointed,  tortuous;  tramiual  pCMnt  snb- 
diTided  mcae  or  leas  into  two  bnncfaei,  (v  beacii^  slander  ^t- 
pendages.  Hale  (Kgans  long  and  slenfler.  Egg-pooch  elongate 
oc  conical. 


KUtivrapAy.— Artemia,  Ltach,  Dist.  So.  Nai.,  XIV. 

Aitemiaos,  Lamark,  HisL  An.  S.  Tert  (£ 
Artemis,  T^kompson,  ZooL  Rea.,  104. 
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Charaettra. — Clavping'  o^aiu  three- joiuted;  ef^poodi  ahoit,  koad;  linnK  >> 
mora  or  len  nline  woten. 

The  memben  of  thi«  geaat,  which  will  be  often  referred  to,  ue  peotdiarir 
intereatuig  ftma  the  way  in  which  the;  ebow  the  gnmt  and  saddea  chutgee  that 
a  change  is  the  inTiranment,  ii  competent  to  effect  in  aninuJ  form*. 

Three  ^leciee  ue  known  in  Qia  United  Statei,  one  of  which  ie  found  in  Ota 
eastern  itatee,  another  in  Utah,  and  still  anotlier  in  California,  yiz:  graeiUt, 
moKtea,  and  firtiliM. 

aUB-PAUILT  XULEXESUIX. 

Charaet«rt.—AM»meit  alnoflt  olieolele;  both  pain  of  antennm  filiform. 
OBxra  EuliiMiw.    (L(artmt.) 

fAlflLT   SKBALIDA.  * 

CAonieter*.— AnteDOie  large  and  ramiibrm;  eyeti  pedunded;  teet  twelve  pain; 
carapax  larfre,  encloeinff  heftd,  tiioiKi  and  part  of  the  abdontan, 
M  in  a  biTalve  shell. 

uKirus  Naballa. 

BAHographg.—^eba^  Leaeh,  Thompaoit,  Detmarest,  Latreith,  M.  Edwordtt 
Bote,  Lamarck,  etc.,  etc. 
Cancer,  0.  Fabriciut,  Herbal.. 
HonoculuB,  Montagu. 
U7K8,  Oliritr. 
Being  the  only  genus  in  the  fiunily,  the  above  characters  also  diaiacteriie  the 


Bibliography. — Apndens  (in  part),  Edtfard».     ' 

Apodidffi,  Burmeitter. 

Baird. 

Characttra.— Body  itnight;  cephalothoTBi  covered  by  a  Kutdiform  shell;  poa- 

teriw  appendagee  of  the  thorax  lam^Bifonn;  abdomen  maaj- 

jointedi  eyes  sessile. 


Biblio0rtiphy.~&pm,  M.  Edwardt,  Hist.  Nat.  Cmst.,  iii.,  856. 

Phyllopodsa  Leach,  Edin.  Encyclop.  Vll.,  art.  Crustaceology. 

Apodidffi,  Burmtiglar,  organizotioii  ot'Trilobitea,  34. 
Charaelert. — Of  targe  size,  with  a  rounded  carapace  partiall;  covering  the  base  at 

the  abdomen,  which  is  elongate  and  ends  in  two  many-jointed, 

caudal  flloments;  about  sixty  pair*  of  swimming  feet;  antennn 

rudimeotaiy;  first  mazillipeds  antennifbrm. 
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asBva  Apui.    {Sig.  withoat  feet.) 

ApiiB,  (aee  above  for  femily.) 
HoqocdIus,  Linn(rut,  FabriciHS. 
BiuoculnB,  Geqffroy,  Leaeh. 
LimaluB,  Muller,  Lamarck, 
Trilopes,  Schrank, 
Charairtert, — Autetmiform  mazillipeda  \aag;  telaon  squariih. 

eiCNCB  L^pldurut. 

Characttrg. — Body  much  Bhorter  Qiem  in  Aput,    First  luaxiUipedB  fihorter,  and 
n  long,  gpatulale,  keeled  telaoti  projecting  beyond  the  inaertiim 
of  the  caudal  filamenta. 
^ii«ry— Shonld  not  Qua  be  reunited  with  Ajna  9 

Bibliography, — ApugievH,  (in  part),  Edaarda 

Charaetert, — Body  covered  completely  by  a  carapace  which  includes  abdomen 
and  head;  eyea  tesaile,  like  Cyproidea  in  appeaiance. 


GBSVA  LI  m  net  It. 

Charaeterg. — Shell  Bmall,  round  globose,  without  lioee  of  growth  or  umboni 
feet-beariug  teeinents  ten  to  twelve. 

0RNU8  Limn  ad  el  la. 

(Uncertain.    The  spedes  upon  which  it  was  founded  are  not  now  known.) 

asBvs  Eattwria, 

Shell  oral,  more  o;  less  globoae,  d/clat-hke  v 
amber-colored j  Milmal  without  a  "  ha/iorgan' 
eleven  to  Beren'eenjointa  to  the  flagelia;  from  twenty-five  to  twentj-seren  s^- 
ments  behind  the  head;  feet  twenty-foor  to  twenty-eight;  anterior  feet  in  tlie 
malee  with  clumsy  hooks. 

OKKUs  Llmnadla. 

Shell  large,  with  four  or  five  lines  of  growth,  Bub-triangalar  or  broadly  ovate; 
animal  with  a  knob-like  pro]ecti(m("'fta/Iorjfan"J  atxive  the  eyes;  second  ant«  nns 
with  nine  or  ten  joints  to  the  flagella;  leet  eighteen  to  twenty-uz;  body  mnch 
emallet  than  m  Ettheria. 
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asNus  Cyzlout. 

(Am  not  fauiilar  with  any  description  of  the  fteueric  charocteiB.) 

Eeniarks  on  tht  Sub-Order.— The  Bpeciea  of  thi*  «ab-order  are  ecatteied  rather 

sponngl;  orer  the  world,  aiid  man;  of  them  are  dependent  ca  peculiar  drcum- 

atancea  for  theii  perfect  development,  as  in  the  ca«eofJrt«mta  (or  Brine  Shrimp) 

which  is  found  in  the  waters  of  salt  lakes  and  in  the  brine  tuba  of  salt  manu- 


Of  the  family  ArianiadiE  seveial  Bpecies  occur  Ihronirhout  the  United  States. 
No  Chiroetphaliie  hae  been  found  west  of  the  Rocky  Moantaina.  Artemia  occurs 
in  many  places,  as,  one  iu  Great  SiUt  Lake,  one  in  Mono  Lake,  Catifomia,  and 
one  in  the  eastern  D.  S.  TbegeDUH£ranchin«rta«whichhasaTepreseutatiTe  in 
Qteenland  and  in  lAbrador,  has  also  a  siveciea  in  Coloiado.  12,300  feet  above  the 
sea.    I  am  not  informed  that  any  species  of  Nebalia  occurs  in  Nortb  America. 

Tho  tnbe  Limnadioidea  is  without  a  known  represenlative  east  of  the  Missis- 
sippi and  north  of  San  Domingo.  But  in  Greenland  and  the  arctic  rcirionB, 
Lepidurtts  gladalU  is  found.  West  of  the  Mississippi  and  eaat  of  the  Rocky 
Monntrins  are  tbree  spedes  of  Apus,  nod  there  has  been  another  found  on  the 
Pacifi<^,  &t  Cape  St.  Lucas.  Geologicully,  the  genus  is  found  in  European  rocks 
in  the  Triawic.  and  our  own  rocks  will  probably  fnmish  species. 

In  the  J'hyllopoda  the  ^}domen  and  thorax  are  merged  together,  and  in  all 
b«t  the  family  Artemiadte,  there  is  a  large  carapace  ooTeting  most  of  the  body. 
In  the  Umnadidce  this  shell  is  large  and  doable,  and  resembles  the  imall  Cyelaa 
shells  of  fresh  water,  and  are  often  collected  by  Conchologists  as  such.  The  eggs 
are  round  or  polygonal,  and  are  dense  and  tougb-chelled.  The  eggs  are  carried 
in  an  ova-sack  similar  to  that  of  Cj/clopg,  or  in  the  Limnadiada.  They  are  borne 
undtx  the  shell,  as  in  Daphnla,  eto.  The  young,  as  in  other  Etttomoatraca, 
hatch  from  the  egg  in  the  "  Nauplius  et«a:e"  described  more  particularly  under 
Cyelopa.  The  difference  between  the  sexes  is  usually  sharply  defined.  The  pro- 
cess of  reproduction  is  very  interesting  in  many  species  of  this  sub-order.  The 
normal  method  of  repioduction  is  perhaps  less  common  than  what  is  known  as 
parthenogenesis,  or  virgin  reproduction.  The  eggs  are  produced  by  a  simple 
budding  process  from  the  ovary,  without  fertilization  by  the  male.  The  propor- 
tion of  males  to  females  is  very  small.  In  some  localities  the  males  are  entirely 
absent.  In  ArUmia  the  amount  of  saline  matter  in  water  seems  to  vary  the 
comparative  number  of  males.  This  affords  a  carious  parallel  with  the  sexual 
changes  in  the  pupa  of  the  honey  bee.  The  saltness  of  the  water  not  only  affects 
the  young,  the  form  of  the  parent  also  varies.  Schmankiewitscb  found  near 
Odessa,  Russia,  a  species  of  Artemia,  and  by  studying  it  discovered  that  it 
changed  its  form  to  correspond  with  the  gieoter  or  less  aaltness  of  the  water. 
Toward  tho  end  of  the  summer,  when  the  rain  and  cold  weather  set  in,  the 
Arltnua  increases  in  size,  and  Uie  July  generation  has  many  differences  from  the 
later  onee.  Ho  then  attempted  to  veri^  his  observationB  by  artificial  breeding. 
He  increased  the  concentration  in  one  case  and  lowered  it  in  the  other,  and 
foond.  that  after  a  series  of  generations  the  two  seta  of  "■'"'"■lii  varied  between 
themselves,  and  also  both  differed  from  those  of  the  pond  from  which  they  came. 
He  also  leamed-that  males  were  only  produced  in  water  of  medium  strength. 

In  the  genua  Apu»  similar  parthenogenetic  tKoods  are  produced.  Siebold's 
ftxperiments,  which  have  been  made  with  great  core  and  minuteness,  have  estab- 
lished this  fiict  beyond  donbt. 
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'HiereiagiMtiieedoffhrUierioTwtiflatuRiinlhiaMiltject,  and  we  an  s-lad  to 
leazn  Uut  it  is  about  to  reoeiTe  attentioii  from  so  competent  huLdi  u  Dr. 
Packanl'i. 

nieiystenuticpotitioiiof  tliecab^Mder  u  BtOl  amattra'of  doabt,  andit  ia  not 
yet  poeeiUe  to  make  any  pomtire  clawificAtioii  c^  the  divuiniu  of  the  £»A>> 


(See  Platea  XTIII.  and  XIX.] 
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ADDENDA. 


Since  theM  pages  wem  written  tite  Bolletiiu  of  the  lUiuoiB  Muaram  of  Hat. 
Hiat.  have  come  nnder  my  notice,  whicti,  aude  ttma  other  interesting  matter, 
contain  deecriptioiia  of  manj  nev  apedea  of  cnurtaoea  inhabitiiig  the  water  of 
that  state.  Fine  descriptioua  are  given  of  the  followuifr  apedes  of  £ntomoalzaca, 
to  which  Uie  Btadent  is  referred,  riz: 

EtAranehipta  aerratus,  Forbes. 

CanthocaTftptua  Illinoigenaie,  Forbea. 

Dtaptomug  Sanguineus,  Forbes. 

EiAranchipua  Bundi/i,  Forbes. 

In  Bnlletin  No.  2,  Prof.  Forbes  deecribea  or  mentions  the  followius: 

Euryeercut  lamitlalw,  MdU.? 

Boemina,  ap.? 

Ceriodaphnia  anfftiUUa,  Saj. 

Dt^hnia  puUx,  L.  ? 

Daphnia  galtata,  San. 

Later  atady  shows  that  there  ia  jet  much  to  be  done  in  simply  verifying  the 
species  which  occur  here,  not  to  mention  the  ever  remaininfr  opportunity  for  more 
minnt«  study  of  the  atructare  of  known  terms,  for  aside  from  the  whole  genus 
Cgelopg,  which  has  not  yet  tieen  aUempted,  and  coohiii 
epedea  ore  conalantly  being  met  with,  among  which  ar 


Qanua  Daphne! la.    Baird. 

Bibliography.— T>a,p]ia0}hk,  Baird,  Bnt  Entomost,  809. 

Dana,  Wilke*'  Exp.  Crust.,  page  1267. 

Another  member  of  this  interesting  fiunily  has  been  fonnd  since  the  text  waa 
sent  to  press. 

The  genua  Daphntlla  ia  characterized  by  Dana  aa  follows:  PosteTi<H  aatonnee 
vitb  both  runi  two-jointed,  the  shorter  ramos  often  imperfectly  Uuse- jointed : 
Head  oblong,  not  prodweed  beaeatli,  bearing  the  anterior  anteaate  near  the 
middle.    Daphnia  differs  from  Sida,  which  it  greatly  resembles,  even  in 
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minute  structure,  in  the  number  oT  joints  of  the  anteniue  and  from  Peitilia,  in 
hurinK  the  fiiat  joint  of  the  lonfter  nunus  shorter  than  the  secoiid. 

The  braiich  which  jb  three-jointed  in  Sida  is  not  the  one  whi<^  has  the  short 
termuuJ  joint. 

Daphnalii  Winohalli.    Heirick. 

This  tpedea  clooelr  resemhleB  D.  Wingii,  Baird,  tmt  I  have  nofieaitation  in 
pronoundn^  it  distinct.  Lengrth  .03  in.  Head  rather  short.  Carapace  pear- 
shaped,  transparent  Superior  antennn  short,  but  appearing  on  either  side  the 
head  when  the  animal  is  swimming,  the;  appear  to  have  three  setie  at.  the 
extremity.  Inferior  antennn  ver7  long,  as  long  as  Ixidy.  The  shorter  ramus 
has  four  sets  on  the  terminal  joint  and  one  on  the  first,  while  the  other  ramus 
carries  eight  on  the  terminal  Joint  besides  one  that-  is  much  shorter  than  the 
others,  and  the  &rst  joint  has  four. 

The  tail  has  bng  diverging  stjlets,  and  seems  not  to  have  the  minnte  teeth  of 
the  D.  Wingii.  Ths  posterior  portion  of  the  front  ot  the  shell-marfrin  is  ciliated 
or  spined.  The  bock  of  the  head  seems  to  have  the  same  appendage  described 
in  Sida.  Ova  two.  This  species  was  found  in  Minnetonka  creek  and  is  named 
in  honor  ot  Prof.  Winchell. 


Genus  Polyphemus.    HoUet. 

Bibliograpluf, — Polyphemns,  JlfiiII«r,  Cuvitr,  Lafrti^,  Stroui,  etc 

Baird,  Brit,  Entomost.  p.  111. 

Dana,   Wilkes"  Eip.  p.  1266. 

Charadert — Body  incurved  toward  the  head  except  the  posterior  portion  of  the 
abdomen,  which  pngects  backward  and  is  very  slender,  bearing  two  long  ipioes 
at  the  extremity.  Head  distinct.  Rami  of  posterior  antennn  three,  and  four- 
jointed. 

Polyphemus  oooldentalU.    Herriclc. 

Length  ,25  in.  Body  eiceesively  incurved,  as  is  the  head.  Eye  lai^e,  filling 
the  head.  Superior  antennce  apparently  obsolete.  Inferior  antenoEe  small. 
Jaws  two  or  three-jointed,  three-toothed  at  the  apex.  Feet,  four  pairs,  first  pair 
long,  apparently  four-jointed  and  three-clawed  at  the  end,  basal  portion  ciliated 
on  the  postenor  margin.  Fourth  pair  of  feet  neoily  rudimentary.  The  abdo- 
men is  very  long,    Fonnd  in  "  Mud  Lake,"  south  of  Hianeapolis. 

Curyoeroiu  lamellatus.    Hnller? 

Several  spedmeiiB  belonging  to  Baiid's  genus  Euiycercut  were  fonnd,  and  as 
fhr  as  can  be  determined  they  are  not  sptvifically  distmct  f^m  E.  Itmtllatve, 
tfaouf^  they  are  less  in  size  and  have  a  few  minor  paints  of  difference. 

I  append  his  deeciiptiou,  omitting  the  bibliography: 

"Shell  of  an  olive  color;  r^Uier  square-shaped,  ciliated  on  anterior  marffin; 
ventricose  in  cen1a:«,  and  arched  on  posterior  edge.  Beak  mther  blunt  and  stlort, 
superior  anteiuw  stont,  somewhat  conical,  slightly  curved  and  tecminatiiig  in 
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nx  wptBM,  each  of  which  givee  out  a  fine  leta.  Inferior  uttenne  ihort  compared 
wiUi  the  size  of  the  insect.  Anterior  branch  hu  five  Iouk  filflmmU,  three  trom 
the  terminal,  and  one  bam  each  of  the  other  jointB.  The  poate^ror  branch  has 
ehort  spine*  on  tiie  two  baaal  jointa.  £76  large.  Abdomen  very  wide  and 
densely  ciliated.  This  is  Qte  largest  membei'  of  the  familj,  ita  motion  in  a  siic- 
oeeaion  of  bounds.    This  aaimal  is  heavy  and  ilothfol  compared  to  oilier  species. 


byGoO'^lc 


Diaptomut  lotigieorttit,  Henick. — Bi^  view  of  the  ttataie  cod  side  view  of 
the  male,    a,  boMtl  portion  of  male  anteuui  ihowipg  (tenicnUtuiff  j<Hiit. 
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DiaploMiu  paUidtu,  Henick. — Biu>k  new  of  female.  (In  Utis  plate  theanteniuB 
ara  repreeented  far  too  ihoit)  a,  maxilliped.  b,  fifth  pair  of  feeL  e, 
eztreiutjy  of  male  antentue.    d,  ezttemitf  of  female  ai 
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PLATE  in. 

Cgelops  quadrieomig,  Liim. — I,  mataie  female  with  ^[g^  Backs  contuninir  ovft. 
a,  ^nt-  h  Tomig' juat  bom.  c,  young  eif^t  di^*  o^^  ^  joaag  fiftoan 
d^  old.  e,  jamg  teveateem  dskjB  old.  o',  mandibla.  t/,  fint  pair  of 
foot  jawe.    2,  aide  riew  of  mature  cTclopa. 
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PLATE  T. 

I,  Can/koMM)((ut  mimutttt,  var,  oeeiiUtUaJit,  Herrick,  mmle. 
b,  do.,  aide  view. 
e,  joaxtg,  or  NaopliiM. 
d,  ondeiTiew  of  head  i^  male. 
t.  exbtraal  ttnrj  aad  appsndAse  of  female. 
/,  « 


I,  foot  of  flnt  pftir. 

I,  appandaee  to  abdoDMn  of  femftle.    [Fifth  pair  of  feet.) 

h,  foot  of  Beoond  pair. 
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Plate  V. 
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!a  crystallimi,  Stnuu.    a,  b,  e,  feet  of  fint,  second  and  Inat  pain,    d,  jur. 
(,  etb^mity  of  abdomen.   /,  saperior  antenaee. 


byGoo'^lc 


s  Geological  and  Natural  History  Survey  of  Minnesota. 

MICBOSCOFIC     ENT0M03TBACA. 


Gooi^le 


byGoo'^lc 


byGoo'^lc 


PLATE  VII. 

1.  DapMa  rttietiMa,    «,  •aperior  anUaiw,    i,  hcut. 
S.  Sidaet 
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Fig.  1.  Head  of  Daphnia  ScheSwi  showiitfr  klimentiKT  appanibu  etc.,  aiitenn« 
removed,  a,  heart.  A,  ■tonutoh.  c,  ooecom.  d,  superior  onteiuuB- 
«,  eje.   /,  kbnun.    ff,  jaw.    A,  B,  C,  D,  E,  one  of  ewsh  pairof  fotL 

Fig.  2.  Superior  autama. 

Fig.  8.  PoBtorior  portitn  of  body. 
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D«^hma  aiMa. — 1,  nndw  view.  2,  nde  new.  S,  yMing  ertmoted  irani  e 
a,  one  of  the  ieto  from  Uie  utmnB.  b,  j&w.  0,  bue  of  the  two  n 
of  Uie  saperior  antenna,    d,  and  ot  abdomsn. 
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PUTE  XI. 
Daptmia  vtMa,  mate  sad  fenale.    «,  Jkwi. 
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Plate  XL 
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PLATE  XI. 
Z>iV)MaM<Htii,  unto  and  feiule.    «,  jftm. 
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Plate  XL 
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PLATE  XU. 
Dophnia  mucronata.    a,  bead  and  eye. 
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Plate  XII. 
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1,  Dapknia  t^nota,  Seaiek. 

2,  LynMua  tp.  f 

8,  LynMM  tpkariata. 
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Plate  XIII. 
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PLATE  xrV. 
Macrothrix  ngiUe,  Herrick.    Two  news,    a,  tail  spine. 
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Plate  XIV. 


o.Goo'^lc 


byGoo'^lc 


byGoo'^lc 


PLATE  XV. 

neeua  maemunu,  Muller.    a,  abdomen. 
nceua  quadrtmgttlarig,  HnUer. 
a,  beak,    b,  jaws,    e,  end  of  oatennsB, 
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PLATE  XVI. 

i,    Bostnina  longifoatria.     n,  portion  of  BheU,  eupetior  Hnteniu-.' 
2,  LjfHceits  ap.  ? 
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1.  Cifpria  ridiia,  Muller. 


a.  Cypria  ruglecia,  Eerrick. 

a,  testicle,    b,  maxilla,    e,  caudal  etylets.    d,  inferior  antemue. 


byGoO'^lc 


The  Geological  and  Natural  History  Survey  of  Minnesota. 

mCBOSCOFIO  BNTOaCOSTKAOA. 


Plate  XVII. 
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PLATE  XVIII. 


a,  head  of  female,    b,  head  of  male  with  daspera 
•{  male,    d,  appendatte  of  claspers. 
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PLATE  XIX. 
Ifdmlia,  Streptoeephaliu,  ArUmia,  Apus,  Eatheria  and  Limnelta. 
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PLATE  XX. 

1,  Condona  ornata.    2.  Candona  elongata.    2a,  testicle?    26,  mariHipeds. 
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PLATE  XXI. 

1.  Dt^hmtta  WinehtUi.  la  Embryo.  2.  Side  view  of  « 
S.  Folffhemu$  oeeideiOaUt.  3a,  Istpoirofibeb  Sb,  8d 
4.  Eutyetrau  UmrikOtiaf    4a.  foot.    4i.  Jaw. 
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[   The  last  line  on  page  13  Hhonld  be  tranaferTed  to  be  the  stitli  line  on  page  14. 
On  page  19,  line  23,  for  tion-discoirery  read  dUcoctry, 
On  page  119,  7tii  line  from  the  bottom,  for  ntartd  read  nearer. 
On  page  24,  last  line,  insert  theg. 
At  vaiiouna  places  in  Qie  cataloRue  of  apedmens  for  Uiiomitt  read  Limonite. 
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nMoCa,  for  tiie  year  1672.  By  if.  S.  WineA»a.  Sw.  Hipp.,  wHA  a  wlimd  j/»o- 
logioai  map  t^  Ae  Siate.     PvHii&ed  in  t/u  Btgeatt'  Seport  for  1672.     Ovi  of 

Th€  Seamd  Anwiol  Beport  on  (A«  Qtoiogieal  and  Natwal  Sttory  Svft*!/  tif  the 
Slate,  for  the  year  1673.  By  2f.  B.  WiitdttB  and  8.  F.  Ptekham.  R^W 
Beport;  14B  pp.  8«0. ;  wi&  Uiuttratione. 

The  Third  Annual  Beport  on  the  Geologieal  and  ffaturai  Blttory  Survey  of  Min- 
'netota,  far  the  year  1674.  By  N.  H.  Windidi.  41  pp.  ivo.,  mth  two  amniy 
mope.    Pimihed  in  the  BagenW  R^ort  for  1874. 

The  Fourth  AkkuoI  Beport  on  the  Oeoiogieoi  and  Natunjl  Mitory  Survey  of  Min- 
neiota,  for  the  year  187B.  By  If.  H.  Winehtil,  aeiitted  by  M.  W.  Sairrington. 
163  pp.  6vo. ;  with  ftmr  county  mope  and  a  mincer  of  otho"  iUuttratiom.  Aieo 
paUUhea  in  the  B^/ontf  Beport  for  1676. 

The  Fifth  Annate  Beport  on  the  Gaologieai  and  NiUarai  Hittory  Survey  of  Jtin- 
neiota,  for  the  year  1S16.  By  N.  H.  Wwehett ;  teOh  Beport*  on  Ohemietry  by 
S.  F.  Peekham,  OmiOwlogy  hy  P.  L.  Eateh,  Entomology  by  Alien  Whitman, 
and  on  Fwiffi  by  A.  E.  Johnion :  Soo.  24S  pp.;  fi/ar  eoiored  mope  and  levera 
other  aUM-aOon*.    Aliopuitiihed  in  the  BegerUe'  Beport  for  1876. 

The  SicOh  AnmuU  Beport  on  the  Oeoiogieai  and  Natural  Bittory  Sarvey,  for  the 
year  1677.  By  N.  B.  WmehM,  mth  Beporti  on  Ohemiad  Ajialgtee  by  Prof. 
Peekham,  on  OrnMology  by  P.  L.  Bateh,  on  Entomology  by  Allen  WTiitnMn, 
and  on  the  Otology  of  Biee  County  by  L.  B.  ^erry;  three  geological  mojw  and 
eeveral  other  muttTotioTit.  226  pp.  8  to.  Alio  pvhUehed  in  the  Begenit'  Beport 
for  1677. 

The  Seventh,  Annual  Beport  on  the  Oeoiogieai  and  Natural  Bittory  Survey  of 
JfHin#»ta,  for  the  year  1878.  By  N.  B.  WinehiH,  uiith  a  FiM  Beport  by  O. 
W.  BoB,  e/iemicai  Analyiee  by  8.  F.  Peckkam,  Ornithology  by  P.  L.  Bateh, 
a  Lilt  of  the  Plantt  of  the  north  ehore  of  Lake  Superior  by'B.  Juni,  and  an 
Appendtx  by  O.  L.  Berrick  on  the  Microteopie  Eniomoetraea  of  Minneeota,  with 
Heenty-oM  plates.    i23pp.Bvo.    AUopublithedinlheBegmte' Beportforl616. 


byGoo'^lc 


KieCELLAKEOUa  PUBUCATIOMB. 

1.  CiRCui.ut  No.  1.  Aa^of  IM  law  ordering  the  tumeg,  and  a  n^atUnff 
to-operation  hy  eUizent  and  otber*.    1ST2, 

2.  Peat  pob  Dokxstic  Fuel,  1874,    Emud  by  8.  F.  Ptekham. 

3.  Report  ok  the  Salt  Bfrihs  Larda  Dub  ths  Btatb  of  McmseoTA. 
A  hittorj/  of  all  offldal  trantaetiimt  rtlating  U>  Ili,an,  and  a  ttatemetU  of  Oittr 
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The  UitiTBESiTr  of  Miknbbota,  J 
Feb.  18,  1880.      S 
To  the  President  of  th^University : 

Dbab  Sib — I  herewith  transmit  the  Eighth  Report  on  the 
progress  of  the  Geological  and  Nataral  History  Survey  of  tho 
State. 

Very  respectfully  your  obedient  servant, 

N.  H.  WINCHELL. 
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REPORT. 


I. 
SUMMARY  STATEMENT. 


The  season's  work  was  begna  by  the  detailed  examiufttioa  of 
Goodhue  county,  and  of  a  portion  of  Wabasha — occupying  about 
six  weeks.  The  field-work  was  then  transferred  to  the  northern 
part  of  the  State,  where  a  special  survey  was  made  of  the  valley 
of  the  St.  Louis  River  from  Fond  du  Lac  to  about  three  miles 
above  Knife  Falls,  covering  the  region  of  the  Dalles  and  the  water- 
power  of  that  stream,  and  extended  to  some  of  the  contiguous 
conatry.  It  was  in  July  and  August  that  another  visit  was  made 
to  the  various  points  on  the  Lake  Superior  shore,  that  were  shown 
by  the  examinations  of  the  preceding  summer  to  possess  special 
interest,  between  Duluth  and  Pigeon  Biver.  Many  extra  speci- 
mens were  obtained,  and  additional  observations  were  made.  A 
number  of  photographs  were  obtained  of  points  exhibiting  pecul- 
iar or  typical  geological  features.  This  trip  was  extended  to  Sil- 
ver Islet  and  Isle  Royale  in  the  small  boat  belonging  to  the  survey, 
for  the  purposes  of  comparative  study  and  the  gathering  of  speci- 
mens. In  the  fall  two  inland  expeditions  were  made  from  Grand 
Marais, — one  occupying  about  ten  days,  and  the  other  about  six 
weeks.  These,  with  the  interior  explorations  of  last  year,  so  far 
as  they  covered  that  part  of  the  Stat«,  may  be  said  to  carry  the 
surveyed  area  in  the  northeast  part  of  the  State  as  far  west  as 
to  Poplar  river,  though  there  are  some  points  on  the  upper 
waters  of  the  Cascade  river  that  will  still  have  to  be  examined, 
lying  east  of  the  Poplar  river,  while  also  a  considerable  area  west 
of  the  Poplar  river  has  been  examined  sufficiently. 

In  addition  to  the  foregoing,  which  has  been  the  personal  labor 
of  the  writer  in  the  field,  the  survey  has  made  steady — and  in 
some  cases  rapid — progress  in  other  directions  during  the 'year. 
Mr.  Warren  TJpham,  late  of  the  New  Hampshire  Geological  Sur- 
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rey,  has  been  occupied  nearly  the  whole  season  in  studying  the 
geology  of  the  drift-covered  counties  in  the  central  and  western 
portions  of  the  State,  with  special  reference  to  the  topography,  gla- 
cial geolotfy,  and  economic  resources  of  those  counties.  With  a 
horse  and  wagon  he  h^  traveled  about  3,300  miles,  and  has  in  his 
note-books  the  necessary  data  for  reporting  in  full  on  twenty-two 
counties,  or  an  area  of  over  sixteen  thousand  square  miles. 

Prof.  C.  W.  Hall  spent  the  summer  vacation  in  making  collec- 
tions of  animals  and  plants  on  the  Minnesota  shores  of  Lake 
Superior,  in  company  with  Mr.  Thomas  Roberts,  a  student  of  the 
University.  A  catalogue  of  species  of  birds  noted  by  Mr.  Roberts 
accompanies  this  report.  This  catalogue  will  be  extended  to 
cover  species  collected  since  the  beginning  of  the  survey,  as  oppor- 
tunies  have  arisen. 

Mr.  G.  L.  Herrick  has  been  mainly  unengaged  during  the  year, 
but  in  the  fall  he  aided  Mr.  Hall  in  sundry  work  connected  with 
the  Museum. 

Prof.  Peckham's  report  on  the  aoalysis  of  iron  ores  from  dif- 
ferent points  in  the  State  accompanies  this  report,  and  Dr.  P.  L. 
Hatch  makes  an  annual  statement  of  progress  in  the  ornithological 
Bectiou. 

At  different  times  during  the  season  the  field  parties  of  the 
survey  have  been  accompanied  and  aided  by  the  following  gen- 
tlemen, viz.:  Prof.  H.  B.  Wilson,  of  Red  Wing;  Prof.  George 
Weitbrecht,  St.  Paul;  Rev.  C.  M.  Terry,  Minneapolis;  Prof.  Jabez 
Brooks,  of  the  University  of  Minnesota;  and  Messrs.  A.  P.  and 
D.  D.  Brooks,  students  in  the  University. 

A  report  on  operations  in  the  Museum  accompanies  this,  giving 
a  list  of  recorded  additions  to  the  specimens,  and  the  exchange  of 
duplicates. 

The  survey  has  again  to  acknowledge  the  generosity  and  courtesy 
of  President  John  P.  Ilsley,  of  the  St.  Paul  and  Duluth  R.  R., 
and  Supt.  Ghas.  F.  Hatch,  of  the  Minneapolis  and  St.  Louis  R. 
R.,  for  free  transportation  on  those  roads  respectively,  for  the 
various  members  of  the  survey,  and  to  the  Mayhew  Brothers,  of 
Grand  Marais,  for  the  nse  of  a  building  for  the  headquarters  of 
the  different  parties  of  the  survey  while  at  work  in  that  part  of 
the  State. 

The  editions  of  the  first,  second  and  third  annual  reports  of  the 
survey  have  been  for  some  years  exhausted.  They  were  very 
small.  With  the  publication  of  the  fourth  report  the  edition  was 
increased  by  act  of  the  Legislature  to  1,000  extra  copies.    There 
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are  frequent  inquiries  for  the  first,  second,  and  third  reports  by 
citizens  of  the  State,  and  by  parties  from  abroad.  These  requests 
cannot  be  complied  with,  but,  so  far  aa  possible,  all  reasonable 
demands  for  the  reports  are  supplied.  With  the  continuation  of 
the  surrey,  and  the  publication  ot  its  results,  the  demand  for  the 
earlier  reports  constantly  increases.  It  is  suggested  that  the  first 
three  reports  might  be  reprinted  in  one  Tolume.  The  three  reports 
t<^ther  contain  300  pages. 
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II. 

LIIflOIOGY. 


The  State  of  Minnesota  poBsessea  the  widest  range  of  litholoffi- 
cal  features.  Its  rocks  show  nearly  all  the  mineral  changes  that 
have  characterized  the  strata  of  the  crust  of  the  earth,  and  neu'ly 
all  the  crystalline  and  non-crystalline  conditions  and  variations 
(excepting  the  post  cretaceous  trachytes)  that  are  to  be  found  in 
the  United  States.  Owing  to  this  great  range  in  their  nitnral 
history,  the  study  of  the  strata  becomes  one  of  great  interest  and 
value.  This  is  true  both  in  an  economical  sense  and  in  a  scien- 
fic  point  of  riew.  The  mineral  associations  which  are  known  to 
accompany  the  existence  of  the  useful  and  precious  metals,  the 
importance  of  their  complete  elucidation  by  the  most  exact 
methods,  and  the  need  that  these  examinations  shall  supplement 
the  field  observations,  alike  demand  of  the  survey  the  full  and 
searching  scrutiny  which  modern  science  can  give,  and  which 
alone  will  subserve  completely  the  object  for  which  the  survey  was 
instituted. 

A  large  amount  of  field  observations  have  been  made,  and  many 
specimens  have  been  gathered,  the  outward  appearances  of  the 
formations  have  been  carefully  noted  down  in  the  field  books,  and 
annual  reports  of  progress  have  dealt  largely  with  these  outward 
aspects.  In  view  of  the  contemplated  publication  of  the  final 
volumes  of  the  survey,  it  becomes  necessary  to  devote  a  portion 
of  the  time  available  to  the  laboratory  work  necessary  for  these 
nicer  investigations.  The  fossils  of  the  sedimentary  fonnations, 
the  Silurian,  Devonian  and  Cretaceous,  must  be  named  and  cat- 
alogued, and  the  mineral  composition  of  our  crystalline  rocks  in 
the  nothem  part  of  the  State  must  be  ascertained.  The  methods 
of  paleontological  study  are  familiar  to  the  geologists  of  the  United  - 
States,  and  are  well  known  to  the  people  hy  the  publication  of 
numerous  fine  volumes  by  the  State  Qovemmeuts,  and  by  the 
United  States;  but  the  determination  of  the  crystalline  composi- 
tion of  the  older,  non-fossiliferous  rocks,  by  the  most  exact  and 
the  moat  direct  methods,  is  «  science  which  is  of  recent  birth. 
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The  provisional  determination  of  the  minerals  constitutiDg  a  rock 
in  the  field,  by  the  use  of  the  pen-knife  and  the  pocket  lens,  is 
often  found  to  be  erroneous  when  the;  are  subjected  to  more 
c&reful  examination.  Indeed  the  minuteness  of  the  rarious 
grains  is  often  such  that  the;  cannot  be  separated  from  the  mass 
eren  for  individual  chemical  analysis,  or  blow-pipe  examination. 
The  only  recourse  was  to  perform  an  analysis  of  the  rock  in  mass. 
This  gives  the  aggregate  amount  of  the  various  elements,  as 
calciom,  aluminum,  iron,  etc.,  but  the  manner  in  which  these  are 
combined,  or  what  minerals  they  form,  is  still  wholly  conjectural. 
It  is  to  the  microscope  we  are  indebted  for  the  means  of  ascer- 
taining the  mineral  composition  of  rocks,  however  fine,  or  to 
whatsoever  extent  they  may  have  been  changed  by  natural  causes. 
Indeed,  great  changes  in  the  rocky  structure  of  the  earth,  long 
discussed  with  vague  uncertainty,  are  fully  explained  by  the 
microscopic  phenomena  of  their  mineral  contents.  It  is  pro- 
posed to  give  a  brief  resume  of  the  methods  of  microscopic 
lithology,  as  an  introduction  to  the  results  of  the  work  that  is 
now  being  carried  on  in  the  laboratory  of  the  survey,  and  for 
preparing  the  way  to  the  more  advanced  statements  of  the  final 
report.  These  methods  are  applicable  especially  to  the  crystalline 
rocks — such  as,  having  been  once  in  a  sedimentary  condition, 
have  been  heated,  pressed,  dissolved,  and  then  recomponnded  by 
crystallization,  according  to  the  laws  of  chemical  affinity  into 
mineral  species,  such  as  the  feldspars  or  hornblendes.  They  apply 
with  special  value  to  the  rocks  known  as  Igneous,  as  these,  on 
cooling  from  a  molten  condition  always  crystallize,  unless  the  pro* 
cess  be  sudden,  when  they  take  on  the  glassy  state  or  become 
amorphous  slags.  A  large  part  of  the  State  of  Minnesota  is 
occupied  by  rocks  of  this  kind,  while  a  still  larger  part  is  occupied 
by  strata,  which,  although  not  igneous,  are  yet  in  that  perfectly 
crystalline  condition  that  shows  they  have  been  metamorphosed 
from  a  former  sedimentary  condition,  and  the  distribution  of  the 
varioas  elements  composing  them  has  been  wholly  remodeled  sine* 
their  formation. 

The  apparatus  necessary  for  the  microscopic  examination  of 
crystalline  rocks  is  quite  simple.  Any  method  can  be  pursued  to 
grind  a  fragment  of  the  rock  to  be  examined  to  a  thin  slice;  so 
thin  that  light  easily  passes  through  it.  It  may  be  done  wholly 
by  hand,  but  in  the  laboratory  of  the  survey  is  one  of  Prof.  A.  A. 
Jnlien's  "litbologist's  lathes,"  which  is  quite  similar  to  a  lapida* 
ry's,  having  leaden  and  iron  laps,  rotating  horizontally  on  which 
the  fragment  is  to  be  held  by  the  fingers  and  ground  with  coarse 
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emery  and  water.  The  city  water  worts  of  Mitmeapolia  carry  a 
pressure  into  the  University  which  has  an  average  of  about 
twesty-five  pounds,  and  this  pressure  is  used  to  run  the  lathe  by 
the  use  of  one  of  Tuerk's  hydraulic  motors.  The  fragment  is  first 
ground  to  a  smooth  and  even  surface  on  one  side  by  holding  it 
with  the  fingers  on  the  rotating  leaden  lap  with  moderately  coarse 
emery  and  water.  It  is  then  changed  to  the  iron  lap,  with  fine 
emery  powder  for  smoothing  the  same  surface:  and  lastly,  is  pol- 
ished by  hand  with  "  emery  shine  "  on  a  piece  of  plate  glass. 
This  smoothed  surface  is  then  washed  entirely  clean  and  is  firmly 
cemented  by  Canada  balsam  to  a  small  piece  of  plate  glass  about 
an  inch  and  a  half  square.  The  process  of  attaching  it  to  the 
glass  plate  is  performed  by  gently  warming  and  melting  a  little 
hard  Canada  balsam  lying  on  the  glass  plate  over  a  spirit  lamp. 
In  order  that  all  smoke  may  be  kept  from  the  plate,  and  that  the 
glass  may  heat  evenly,  it  is  laid  on  a  thin  iron  plate,  which  is 
held  or  supported  by  tripod,  over  the  lamp.  When  the  balsam  is 
thoroughly  Hquified,  without  boiling,  the  smoothed  surface  of  the 
ground  fragment  (itself  also  warmed  by  lying  on  the  iron  plate) 
is  pressed  into  the  balsam  and  firmly  held  down  on  the  glass  till 
the  balsam  cools  and  hardens.  No  hubbies  of  air  must  be  allowed 
to  remain  between  the  fragment  and  the  glass  plate.  The  other 
side  of  the  fragment  is  now  applied  to  the  leaden  lap  and  gronnd, 
as  before,  till  it  is  thin  enough  to  begin  to  transmit  light,  when 
it  is  finished  by  grinding  with  the  fine  emery  on  the  iron  lap,  and 
rendered  perfectly  smooth  with  the  emery  shine  by  careful  rub- 
bing by  hand  on  the  glass  plate.  When  it  is  finished  it  is  so  thin 
that  it  is  wholly  transparent,  and  its  edge,  lying  on  the  glass 
plate,  is  hardly  visible  to  the  eye.  The  piece  of  plate  glass,  after 
thorough  washing  and  drying,  is  again  warmed  on  the  iron  plate, 
with  a  small  fragment  of  hard  balsam  lying  on  the  section.  At 
the  same  time  another  fragment  of  hard  balsam  is  warmed  in  the 
same  way,  and  melted  on  a  common  microscopic  glass  slide,  the 
best  size  of  which  is  15x25  mm.  When  the  thin  section  is  loos- 
ened by  the  melting  of  the  balsam,  and  the  fragment  lying  on  it 
is  liqui  jed,  a  thin  glass  cover  is  placed  on  the  section,  and  the 
section  and  cover,  adhering  together,  are  gently  pushed  off  the 
glass  plate  on  to  the  liquid  balsam  lying  on  the  warmed  glass 
slide  in  such  a  way  that  the  section  shall  be  embraced  between 
the  slide  and  the  cover.  By  gently  moving  the  cover,  and  press- 
ing it  down,  all  air  bubbles  are  excluded,  and  it  is  brought  as 
nearly  in  contact  with  the  slide  as  is  possible,  with  the  thin 
section  near  the  center  of  the  slide.    When  it  is  sufficiently  cooled. 
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and  the  balsam  is  hardened,  the  superSuous  balsam  is  removed 
with  a  warmed  pen-knife,  or  dissolved  awav  with  a  drop  of 
alcohol.  The  thin  section,  when  cleaned  again  and  wiped  dry 
with  a  cloth,  is  read;  for  examination. 

The  microscope  necessary  for  this  use  is  not  yet  made  in  this 
country.  Several  styles  are  made  in  Europe,  particularly  the 
stauroscopic  microscope  of  Kosenbusch,  and  that  of  Wataooj 
recommended  by  Mr.  Rutley  in  his  recent  work,  "  The  Study  of 
Bocks,"  published  in  London.  But  a  common  microscope  of  any 
style  can  be  easily  changed,  and  the  necessary  attachments  fur- 
nished, in  this  country.  The  ToUes  microscope,  belonging  to  the 
survey,  was  altered  in  Kew  York  by  Prof.  A.  A.  Julien,  and  by  his 
direction  was  supplied  with  the  necessary  accessories.  The  stage 
must  rotate  on  an  axis  which  is  the  same  as  the  line  of  vision 
through  the  body  of  the  microscope,  and  the  edge  of  the  rotating 
stage  must  have  a  graduated  scale  for  determining  the  degrees  of 
rotation.  Below  the  stage  is  placed  a  Nicol  prism  for  polarizing 
the  ray  of  light  that  enters  the  microscope,  and  above  the  ocular 
is  another  for  analyzing  it  on  its  emission.  These  are  both  pro- 
vided with  graduated  rims,  so  that  on  their  rotation  the  degrees  of 
change  can  be  quickly  read  off.  They  are  each  also  easily  remov- 
able. In  the  eye-piece  (A)  are  crossed  spider-lines,  so  that  the  planes 
of  vibration  of  the  polarized  light  can  be  accurately  adjusted  in  rela- 
tion to  any  angle,  or  any  line  of  a  crystal  that  may  be  placed  on 
the  stage.  It  is  also  necessary  to  have  an  accurate  "centering  " 
instrument,  t.  e.,  a  nose-piece,  adjustable  in  the  lower  end  of  the 
tube  of  the  microscope,  by  which  the  line  of  vision  in  the  center 
of  the  field  can  be  made  to  coincide  exactly  with  the  axis  of  revo- 
lution of  the  stage.  Mr.  Rosen buach's  microscope  has  centering 
screws  that  move  the  body  of  the  microscope  itself. 

As  minerals  are  produced  by  the  combination  of  the  elements 
(as  iron,  silicon,  calcium)  so  the  crystalline  rocks  are  produced 
by  the  combination  of  minerals.  The  elements,  however,  com- 
bine with  mathematical  precision,  and  in  accordance  with  definite 
chemical  affinities,  but  the  compounding  of  the  minerals  with 
each  other  to  constitute  the  crystalline  rocks,  is  very  various  and 
heterogeneous.  A  mineral  species  is  definitely  known  and  describ- 
able,  but  the  rock  compounds  shade  into  each  other,,  and  can  be 
subjected  to  only  a  genera)  and  broad  system  of  nomenclature. 

The  geometrical  forms  of  crystals  are  so  constant,  that  all  min- 
erals having  a  crystalline  structure  are  referable  to  some  of  the 
six  systems  of  mineralogy.    These  are  fully  described  and  illns- 
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trated  in  the  usual  text-books  and  maauals  of  Mineralogy,  of 
which  the  chief  in  the  English  language,  perhaps,  are  those  of 
Dana.*    These  systems  are  as  follows  : — 

isohstbic. 

tstbagonal. 

Hexagonal. 

Obthorhoubio. 

monoolinic. 

Triolihic. 

These  have  different  optical  characters  in  polarized  light.  Amor- 
phous, or  non-crystalline  substances,  like  glass,  do  not  polarize 
light,  nor  afTect  its  nature  after  polarization.  They  simply  refract 
it,  or  dirert  it  from  its  original  direction.  The  interior  particles 
of  crystals  are  arranged  in  lines  and  planes,  having  fixed  relations 
to  the  axes  of  the  crystals,  and  when  a  ray  of  light  enters  among 
these  particles  it  is  propagated,  or  interrupted,  or  modified,  accord- 
ing to  the  ease  with  which  its  wares  can  more  among  these  planes, 
and  hence  emei^s  a  polarized  ray.  The  simple  polarization  of 
light  does  not  affect  ito  appearance  to  the  eye,  except  to  dim  its 
brightness.  Hence  when  the  polarizer  only,  which  consists  of 
a  piece  of  a  crystal  of  Iceland  spar,  is  placed  below  the  stage  of 
the  microscope,  the  field  still  appears  light,  although  a  part  of  its 
waves  were  cut  off  by  the  polarizer;  but  when  the  analyzer,  which 
is  another  crystal  of  Iceland  spar,  is  also  placed  over  the  eye-piece 
of  the  microscope  in  such  a  way  that  its  position  is  at  right  angles 
to  that  of  the  polarizer,  the  light  is  wholly  interrupted  and  the 
field  is  dark.  In  the  case  of  isometric  crystals  the  axes  are  all  of 
equal  length,  and  their  planes  all  interfere  with  the  ray  of  light 
equally.  Hence  its  wares  are  not  separated  nor  differently 
retarded,  and  they  emerge  from  such  crystals  without  polariza- 
tion. Amorphous  and  isometric  substances  are  thus  simply 
refractive,  or  "  single-refracting,"  and  are  called  isotropic. 

In  the  case  of  tetragonal  crystals  the  ases  are  not  all  of  the  same 
length,  and  the  waves  of  light  on  entering  such  a  crystal  are  pro- 
pagated with  greatest  ease  in  the  direction  of  its  longest  axis. 
The  vertical  axis,  which  is  perpendicular  to  the  lateral  axes,  may 
be  the  longest,  or  it  may  be  the  shortest.  The  two  lateral  axes 
are  equal,  and  they  do  not  differ  in  the  easo  with  which  they 
transmit  the  waves  of  light.     Hence  a  beam  of  light,  on  emerging 
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from  a  tetragonal  crjstal,  or  a  thin  section  of  the  same,*  is  sepa- 
rated into  two  sets  of  waves,  or  in  other  words,  each  ware  is 
divided  into  two  parts,  one  in  advance  of  the  other,  and  each  set 
has  the  properties  of  polarized  light.  These  sets  advance  parallel 
to  each  other,  but  the  vibrations  of  the  waves  of  the  two  sets  are 
at  right  angels  to  one  another.  In  the  Nicol  prisms  one  of  these 
sets,  known  as  the  "  ordinary  ray,"  is  so  far  diverted  from  its 
conrse  before  it  leaves  the  prism  that  by  an  artificial  combination 
of  the  parts  of  the  prism  it  is  wholly  reflected  and  destroyed 
against  the  blackened  sides  of  the  prism.  This  leaves  only  one 
set  of  vibrations  to  pass  through  the  prism,  and  they  emerge  a 
completely  polarized  ray.  If  a  beam  of  light  from  the  lower  Nicol 
passes  through  a  thin  section  of  a  tetragonal  crystal  in  a  direction 
parallel  to  the  vertical  axis,  it  is  affected  by  the  crystal  equally  in 
all  directions,  because  the  lateral  axes,  being  eqaal  and  arranged 
symetrically  about  the  vertical  axis,  allow  the  waves  to  pass  in 
the  same  manner  as  an  isotropic  substance.  If  such  a  section  be 
placed  on  the  stage  of  the  microscope  and  at  the  same  time  the 
upper  and  lower  Nicol  prisms  are  placed  so  that  their  planes  of 
polarization  are  crossed,  the  light  from  the  lower  Nicol  passes 
unmodified  through  the  section,  but  is  intercepted  by  the  upper 
Nicol,  and  the  field  of  the  microscope  is  dark.  If  the  Nicols  are 
made  parallel;  the  ray  passes  through,  aud  the  field  is  light.  On 
the  other  hand,  if  a  beam  of  light  from  the  lower  Nicol  is  allowed 
to  fall  upon  a  thin  section  of  a  tetragonal  crystal  in  a  direction 
perpendicular  to  the  vertical  axis,  it  meets  with  different  resistance 
in  different  directions,  at  right  angles  to  each  other,  and  is  at  once 
divided  into  two  sets  of  vibrations.  One  set  is  parallel  to  the  ver- 
tical axis,  and  the  other  is  perpendicular  to  it.  If,  however,  the 
direction  of  the  vibration  of  the  waves  from  the  lower  Nicol  exactly 
coincides  with  the  direction  of  the  vertical  axis  in  the  thin  section, 
the  waves  are  not  thus  divided,  but  pass  through  the  section 
unmodified.  This  is  also  the  case  if  it  coincides  with  the  direction 
of  the  lateral  axis,  or  is  perpendicular  to  the  vertical  axis. 
Hence,  if  the  Nicols  are  crossed,  such  a  section,  on  being  rotated 
between  them  on  the  stage,  will  be  colored,  by  the  interference  of 
its  transmitted  light,  in  all  positions  except  when  the  axes  coincide 
with  the  directions  of  the  Nicols,  in  which  cases  the  light  from  the 
lower  Nicol,  being  allowed  to  pass  unmodified,  is  intercepted  by 
the  upper  Nicol,  and  the  field  is  dark.  This  occurs  four  times  in 
making  a  complete  revolution  of  the  stage:     If  the  Nicols  are 
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parallel,  there  will  be  four  positions,  removed  90"  from  each  other, 
in  which  the  section  will  be  light,  instead  of  dark,  and  in  all  other 
positions  it  will  be  colored. 

In  ths  case  of  hexagonal  crystals,  as  their  axes  are  eitnated  with 
respect  to  each  other  exactly  like  those  of  tetragonal,  i.  e.,  each 
perpendicular  to  the  other  two,  and  the  vertical  longer  or  shorter 
than  the  lateral,  which  are  equal  to  each  other,  their  optical  char- 
acters are  the  same  as  those  of  tetragonal.  They  can  be  distin- 
guished by  the  forms  of  their  sections,  cut  perpendicular  to  the 
vertical  axis.  Tetragonal  crystals  thus  cnt  have  four  or  eight 
aides,  but  hexagonal  have  six,  or  some  other  multiple  of  three. 
Hexagonal  and  tetragonal  crystals  are  called  uniaxial,  because 
there  is  but  one  axis  in  the  direction  of  which  they  act  as  isotropic 
substances.     It  is  that  of  the  crystallographic  vertical  axis. 

When  tetragonal  or  hexagonal  crystals  are  examined  in  con> 
vergent  polarized  light,  a  basal  section  shows,  at  crossed  Nicols,  a 
series  of  rings  of  color  and  a  dark  cross.  This  convergent  light 
is  usually  obtained  by  special  apparatus;  but  Mr.  Geo.  W.  Hawes 
describes  a  method  of  examining  crystals  which  have  some  con- 
siderable size,  in  convergent  light  in  the  common  microscope,' 
when  the  analyzer  is  placed  above  the  ocnlar.  By  removing  the 
ocular  and  replacing  the  analyzer,  the  field  of  view  is  made  small, 
and  the  magnifying  power  of  the  instrument  is  destroyed;  but 
the  peculiar  ring  system  and  the  cross  bars  are  distinctly  visible 
in  many  basal  sections  of  such  crystals. 

Mineral  crystals  belonging  to  the  Ot-thorhombic  system  have 
three  axes  at  right  angles  to  each  other,  but  they  are  all  of  different 
lengths.  Light,  in  passing  through  such  a  crystal  finds  three 
directions,  one  of  greatest  ease,  one  of  least,  and  one  which  is  the 
mean  of  these.  Hence,  when  a  ray  enters  a  thin  section  cut  in 
any  direction,  it  is  doubly  refracted  and  separated  into  two  sets 
of  waves  having  their  vibrations  at  right  angles  to  each  other. 
One  set  vibrates  in  the  direction  of  the  greatest  ease  of  move- 
ment, and  the  other  in  the  direction  of  the  least,  and  these  cor- 
respond with  two  of  the  crystallographic  axes.  When  a  thin 
section  of  one  of  these  crystals  is  brought  between  the  Nicols, 
when  they  are  crossed,  it  is  colored  in  all  positions,  except  when 
the  direction  of  a  crystallographic  axis  coincides  with  the  plane 
of  vibration  of  the  light,  when  it  will  be  dark.  This  occurs  at 
four  different  places  in  the  rotation  of  the  stage,  and  they  are 
separated    from    each    other    ninety    degrees.       Orthorhombic 
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crystals,  moreover,  are  isotropic,  i.  e.,  remain  dark  between  crossed 
Nicols  during  an  entire  revolution  of  the  stage,  in  two  directions 
and  for  this  reason  they  are  called  biaxial.  These  directions,  or 
'  optical  axes,  are  in  the  plane  of  the  greatest  and  least  ease  of 
movement  of  light,  and  make  equal  angles  on  opposite  sides  of 
the  axes  of  least  elasticity.  If  a  section  cut  perpendicular  to  one 
of  these  optical  axes  be  examined  in  convergent  light,  in  the  same 
manner  as  already  mentioned  with  uniaxial  minerals,  the  field  will 
be  colored  by  a  series  of  rings,  and  a  single  dark  bar  will  be  seen 
crossing  the  field,  which  will  revolve  on  the  rotating  stage  in  the 
direction  opposite  to  that  in  which  the  stage  is  revolved. 

Minerals  belonging  to  the  numoclinie  system  have  three  axes  for 
the  movement  of  light,  as  in  orthorhombic  cryatals;  but  these  do 
not  correspond  with  the  crystallographic  axes.  One  of  them  cor- 
responds with  the  orthodiagonal  axis,  and  the  others  are  at  right 
angles  to  this  axis  and  to  each  other,  and  lie  in  the  plane  that 
inclades  both  the  vertical  and  the  clinodiagonal  axes,  and  parallel 
to  the  cliuopinacoid  faces.  Hence,  in  many  respects  the  optical 
characters  of  monoclinic  crystals  are  like  those  of  orthorhombic. 
If  the  two  rectangular  axes  of  light-movement  in  any  thin  section 
coincide  with  the  axes  of  the  two  Nicols,  crossed,  the  field  of  the 
microscope  remains  dark,  bat  in  all  other  positions  it  is  colored. 
Sections  parallel  to  the  base,  or  to  orthopinacoid  faces,  answer 
these  conditions.  Sections  parallel  to  the  clinopinacoid  face  are 
employed  to  determine  the  angle  between  one  of  the  axes  of 
elasticity  and  the  clinodiagonal  axis.  This  is  done  by  aligning 
the  edges  or  the  cleavages  of  the  section  with  the  spider  lines  in 
the  ocular  so  that  the  vertical  axis  coincides  in  direction  with  the 
plane  of  vibration  of  light  from  tbe  lower  Nicol.  In  this  position 
the  field  is  colored,  although  the  Nicols  are  crossed,  showing  that 
the  vertical  axis  does  not  coincide  with  the  axis  of  light-move- 
ment. By  rotating  the  thin  section  on  the  stage,  between  crossed 
Nicols,  the  field  soon  becomes  dark,  which  implies  that  an  axis  of 
light -movement  coincides  with  the  plane  of  polarized  light  from 
the  lower  Xicol.  The  angle  through  which  the  section  was  rotated 
is  the  angle  between  the  vertical  axis  and  the  axis  of  light-move- 
ment. By  rotating  it  still  further,  the  field  becomes  colored  and 
then  dark  again  at  90°  from  the  point  at  which  it  was  last  dark, 
which  implies  that  another  axis  of  light-movement,  at  right  angles 
to  the  last,  coincides  in  direction  with  the  plane  of  vibration  from 
the  lower  Nicol  prism.  If  a  thin  section  be  made  parallel  to  the 
base,  or  the  orthopinacoid,  it  will  contain  the  orthodiagonal  axis 
and  the  vertical  axis,  which  are  at  right  angles  to  each  other.    Aa 
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the  orthodiagonal  is  also  an  axis  of  light<moTenient,  the  plane  of 
vibration  from  the  lower  Nicol  will  coincide  with  it,  and  the  effect 
will  be  the  same  bs  in  a  similar  section  of  an  orthorhombic 
crystal,  viz.:  the  field  will  remain  dark  at  crossed  Nicols  when 
these  axes  are  brought  into  coincidence.  In  monoclinic  crystals, 
moreover,  there  are  two  optic  axes,  that  is,  directions  in  which,  if 
a  thin  section  be  cut,  the  effect  in  polarized  light  is  the  same  as 
produced  by  an  isotropic  body,  and  these  axes  coincide  with 
the  directions  of  the  greatest  and  least  ease  of  light-movement. 
The  interference  figures  produced  by  examining,  in  converging 
light,  a  ttiin  section  of  a  monoclinic  crystal,  cut  perpendicular  to 
these  optic  axes,  are  the  same  as  seen  in  similar  sections  of  ortho- 
rhombic  crystals,  and  these  axes  can  be  determined  by  such  exam- 
ination of  the  different  elasticity  axes  in  succession  in  sections  cut 
perpendicnlar  to  the  same. 

In  triclinic  ci;y8tals  there  is  an  entire  want  of  conformity  between 
the  crystal  log  raphic  axes  and  the  directions  of  light -movement. 
While  the  former  are  all  inclinsd  to  each  other,  the  latter  are  all 
perpendicular  to  each  other.  Hence,  when  the  vibration  plane  of 
the  lower  Nicol  corresponds  with  the  direction  of  any  of  the 
crystallographic  axes,  a  thin  section  between  crossed  Nicols  will 
never  be  dark,  but  must  be  rotated  to  become  so,  the  amount  of 
rotation  being  entirely  arbitrary,  but  dependent  on  the  species  of 
the  mineral  and  the  direction  of  the  section.  Tfaey  also  have  two 
optic  axes,  round  which  the  arrangement  of  lines  and  planes  in 
the  crystal  is  such  as  to  act  symmetrically  on  a  ray  of  light  in  all 
directions,  and  hence  to  produce  the  same  effect  as  isotropic  sub- 
stances. 

Circular  Polarization  is  that  effect  on  a  ray  of  light  which  is 
produced  by  some  uniaxial  crystals  when  it  passes  through  a  see* 
tion  cut  perpendicular  to  the  vertical  axis.  The  ray,  instead  of 
being  polarized  at  right  angles,  is  circularly  polarized;  that  is,  its 
waves  of  different  lengths,  as  bine,  or  yellow,  or  red,  are  retarded 
unequally,  and  between  crossed  Nicols  any  one  of  these  colors 
can  be  intercepted  by  rotating  the  analyzer  a  little,  according  to 
thp  thickness  of  the  plate,  so  as  to  show  a  field  wholly  of  one 
color.  This  is  taken  advantage  of  in  the  examination  of  monoclinic 
and  triclinic  crystals,  in  order  to  determine  the  angle  between  the 
axis  of  light -movement  and  the  axis  of  the  crystal  more  accurately 
than  can  be  done  by  simply  noting  the  point  of  greatest  extinction 
of  light,  aa  already  described  under  monoclinic  crystals.  If  a 
quartz  plate  3}  mm.  in  thickness,  cut  perpendicular  to  the  vertical 
axis,  be  placed  between  crossed  Nicols  directly  over  the  objective 
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ia  the  tube  of  the'  microscope,  and  the  analyzer  rotated  so  far  aa 
necessary  to  intercept  the  blue  rays  of  the  light,  the  whole  field 
will  be  blue.  If  then  a  section  of  a  monoclinic  crystal,  cut  parallel 
to  the  clinopinacoid,  be  put  upon  the  stage,  the  field  of  view  will 
be  changed  in  color  according  to  the  mineral,  but  by  rotation  it 
can  be  made  to  appear  blue  again,  and  this  will  take  place  when 
an  axis  of  light-mOTement  coincides  with  the  vibration  plane  of 
the  lower  Nicol.  If  now  it  be  carefully  rotated  again  so  aa  to 
bring  its  crystallographic  axis  parallel  with  one  of  the  hair-lines 
in  the  ocular,  the  amount  of  rotation  is  the  angle  between  the 
axis  of  light-movement  and  the  crystallographic  axis. 

It  will  be  seen  that  there  are  three  kinds  of  axes  in  crystals, 
which  are  to  be  kept  distinct. 

1.  The  crystallographic  axes,  around  which  the  crystals  are 
built  in  planes  and  lines. 

2.  The  axes  of  elasticity,  or  ease  of  light-movement,  parallel 
with  which  are  the  planes  of  vibration  of  polarized  light. 

3.  The  vptic  axes,  in  the  direction  of  which,  if  viewed  in  polar- 
ized light,  between  crossed  Nicols,  the  section  acts  like  an 
isotropic  body. 

Some  minerals,  such  as  magnetite  and  pyrite,  are  wholly 
opaque,  and  however  thin  they  may  be  ground,  they  are  con- 
stantly dark.  Such  must  be  examined  in  refiected  light,  which 
may  be  intensified  by  a  bull's-eye  condenser,  or  by  parabolic 
reflectors,  of  which  there  are  various  styles.  Some  minerals  are 
characteristically  colored,  even  In  ordinary  transmitted  light. 
The  chlorites  are  generally  green,  and  the  pyroxenes  are  brown  or 
greenish-brown.  Some  polarize  light  characteristically,  and  at  once 
produce  such  colors  or  such  bands  of  color  as  to  distinguish  them. 
The  triclinic  feldspars  are  remarkable  for  the  striation  and  band- 
ing of  the  colors  of  the  thin  section  seen  between  crossed  Nicols. 
Quartz  is  characteriatically  limpid  and  clear,  with  beautiful  colors 
in  polarized  light.  In  some  minerals  the  directions  of  the  princi- 
pal cleavages  are  characteristic.  Pyroxene  ia  distinguished  from 
amphibole  by  the  different  angle  of  cleavage  seen  in  a  basal  sec- 
tion, though  in  other  respects  they  are  very  similar.  Some  min- 
erals OK pleocroic,  i.  e.,  certain  colored  rays  are  absorbed,  and,  ou 
emerging  from  the  section,  a  beam  of  light  presents  differeat  col- 
ored rays.  Some  are  dickroic,  transmitting  two  colors,  and  some 
trickroic.  Some  simply  absorb  more  light  of  all  kinds  in  some 
'  planes  than  in  others,  becoming  slightly  darker,  and  then  light 
again  on  rotation  with  the  analyzer  romoved. 

Thus,  by  the  employment  of  the  principles  of  polarized  light. 


Digitiz 


byGoo'^lc 


20  EIGHTH  AHNtJAL  REPORT. 

combined  with  the  magnifying  quality  of  the  microscope,  the 
internal  structure  and  minutest  impeifectiona  and  impurities  of 
minerals  may  be  ascertained.  A  thin  section  of  a  crystalline 
rock  presents  several  minerals  at  once,  cut  at  various  angles  with 
the  crystatlograpbic  and  other  axes,  and  exhibits  a  field  for  the 
uae  of  the  nicest  discrimination  and  the  most  exact  mechanical 
apparatus,  but  which,  when  fully  wrought  out,  rewards  the 
laborer  with  the  most  abundant  and  satisfactory  frnits. 

Those  interested  in  this  branch  of  Gteology  are  referred  to  the 
following  works : 

Rutley— The  Study  of  Rocks ;  1879.     London. 

flbioea— TheNew  Hampahife  Geological  Survey,  Part  IV;  1878. 

Bosenfntsch — Mikroskopische  Physiograpbie  der  Petrographisch 
wichtigen  Mineralien. 

Zirkel — Mik.  Beschaff.  d.  Min.  und  Gesteine. 

"    —Report  of  the  40th  Parallel  Survey;  Vol.  VI.    Waah'n. 
"    — Lehrbuch  der  Petrographie;  1866.     Bonn. 

Dana,  J.  D. — System  of  Mineralogy;  1868.     New  Haven. 

Dam,  E.  S.— Text-book  of  Mineralogy;  1877.     New  Haven. 

Decloizeaux — Manuel  de  Mineralogie;  1862.     Paris. 

La  Saulx — Von  £lement«  der  Petn^raphie;  1875.     Bonn. 

Spottisteoode — Polarization  of  Light.     "Nature  Series;  "  167i. 

Borichf — Elemente  einen  nenen  Chem-mikroskop,  Mineral  nnd 
Gesteins  Analyse;  1877. 

Decloizeaux — Memoire  sar  I'emploi  du  Microscope  Polarisant. 

Queckett — Treatise  on  the  Microscope. 

Beale — How  to  Work  with  the  Microscope;  5th  edition,  1880. 
Philadelphia. 

Great  diversity  prevails  in  the  nomenclature  of  the  crystalline 
rocks.  Not  only  do  difTerent  authors,  in  some  cases,  employ  dif- 
ferent names  for  the  same  rock  in  Europe,  but  the  same  names 
are  employed  with  different  or  with  special  or  exceptional  signifi- 
cation. This  confusion,  already  to  some  extent  apparent  in 
American  petrological  literature,  is  likely  to  be  perpetuated  unless 
some  criterion  or  some  codified  principles  of  nomenclature  shall 
be  generally  adopted.  Prof.  J.  D.  Dana  has  recently  made  th« 
attempt*  to  correct  some  of  the  errors  that  have  grown  up  in  the 
use  of  terms,  and  after  discarding  some  of  the  distinctions  that 
have  been  made  between  rocks  that  really  are  mineralc^^ically  and 
chemically  identical,  he  presents  a  series  of  eight  groups,  which, 
not  including  calcareous  and   quartzose  rocks,  will  cover,   in  a 

Joamil  of  Bdence  and  Arts.   TbltdSerlee.   Vol.XVJ. 
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systematic  and  consisteat  Bcheme,  the  crystalline  rocks  of  the 
earth.  He  says: — "Since  leucite  is  a  potaah-alumina silicate,  like 
orthoclose'aud  microcline  (it  affording  twenty  per  cent,  or  more 
of  potash),  it  is  here  referred  to  the  same  gronp  with  the  potash 
feldspars;  and  nephelite,  sodalite  and  the  saussarites  being  emi- 
nently Boda-bearing  species,  they  are  included  with  the  soda  lima 
feldspars  (anorthit*  to  albite).  This  reference  for  lithological 
purposes  of  these  minerals  is  sustained  by  their  resemblance  to  the 
feldspars  in  constituents,  and  also  in  the  quantivalent  ratios 
between  the  alkalies,  alumina,  and  silica,  this  ratio  being  in  leu- 
cite 1:3:8,  as  in  audesite,  and  in  sodalite  and  nephelite  1:3:1  as  in 
anorthite.  The  term  potanh/eldspar,  as  used  in  the  headings  below 
is  hence  to  be  understood  as  covering  orthoclase,  microcline  and 
leucite;  and  soda  lime  f^dspar  as  including  the  triclinic  feldspars 
from  anorthite  to  albite,  and  also  nephelite,  sodalite,  and  the 
saussurites. 

"The  arrangement  is  as  follows;  In  the  first  series  the  rocka 
graduate  into  kinds  which  are  all  feldspar,  and  into  others  that 
are  all  mica;  and  yet  the  amount  of  potash  present  is  approxi- 
mately the  same. 

I.  Thb  Mica.  AKD  Potash- FsLDSFAB  Sbbibs:  including  Qranite, 
Qisnnlyte,  Oneiss,  Protogine,  Mica  Schist,  etc.,  Felsyte,  Trachyte, 
etc.,  and  the  Leucite  rock  of  Wyoming. 

II.  The  Mioa  aitd  Soda-Lihb  Fbldspab  Sbbies:  including 
Ker8antite,Kinzigite,  and  the  nephelitic  kinds — Mia8cyte,Ditro7te, 
Phonolyte,  etc.  (These  nephelitic  kinds  belong  almost  as  well  in 
the  preceding  series.) 

III.  The  Ho&iTBLSiiDB  and  Potabh-Fbldsfaa  Sxbibs:  incla- 
■ding  SycDyte,  (with  quartz  syenyte)  Syenyte  Gneiss,  Hornblende 
schist.  Amphiboly te,  Anakjte  (this  last  containing  epidote  in  place 
-of  Horublende);  and  the  nephelitic  species  Zircon-Syenyte, 
Foyayte. 

IV.  Thk  Hobnblbndb  and  Soda-Lixb-Fbldsfab  Sbbixb: 
including  Dioryte  (with  Propylyte)  Andesyte,  Labradoryte  (or 
Labrador  diorj'te)  etc.,  and  the  saussurite  rock  £uphotide. 

V.  Thb  Ptboxbnb  and  Pota8H-Fbld8pab  Sbbibs:  including 
Amphigenyte. 

VI.  Thb  Ptboxbnb  and  Soda-Leme-Fbldsfab  Sbriks:  inclu- 
ding Augite-Audesyte,  Noryte  (Hypersthenyte  and  Gabbro  in 
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part),  Hyperathenyte,  (containing  true  Hyperathene),  Doleryte, 
(comprising  Basalt  and  Diabase),  Nephelioyte,  etc. 

VII.  Pyroxene,  Garnet,  Epidotb  and  Chrtsolitb  eocks 
CONTAININO   LITTLE   OR   NO   FELnsPAR:    including    Pyroxenyte, 

Lherzolyte,  Qarnetyte  (Garnet  rock),  Eclogyte,  Epidosyte,  Chry- 
aolyte  or  Dunyte  (Chrysolite  rock),  etc. 

VIII.  Htdbous  Maonk8Ian  and  Aldhinoub  bockb,  con- 
taining LITTLE  OR  NO  Feldspar;  including  Chlorite  schist,  Tal- 
cose  schist.  Serpentine,  Ophiolyte,  Pyrophyllite  schist,  etc." 

Ths  Cupriferous  Series  at  Diduth. 

The  rock  at  Duluth  known  as  the  "Rice  Point  Granite" 
affords  a  good  illustration  of  the  ase  of  the  polarizing  microscope, 
and  of  the  problems  that  surround  the  geologist  in  working  out 
the  stratigraphy  and  mineral  composition  of  the  rocks  of  the 
northern  part  of  the  State.  While  this  rock  is  popularly  styled 
granite,  it  cannot  be  so  named  by  any  recognized  principles  of 
litholog}-,  except  that  its  texture  is  generally  like  that  which  the 
word  granite  implies,  viz, ,  granular.  Its  chief  ingredients,  which 
are  always  present,  are  Plagioclase  and  Pyroxene,  but  the  latter 
is  sometimes  very  small  in  amount,  and  in  some  places  is  almost 
wanting.  The  rock  has  also  titaniferouB  iron,  generally  mag- 
netic, almost  always  present,  and  sometimes  in  quantity  sufficient 
to  render  it  an  iron  ore  of  low  grade,  while  in  m(.ny  parts  this 
iron  is  wholly  wanting.  Pyrite,  calcite,  epidote,  and  chlorite  also 
exist  in  some  parts  in  accessory  quantities,' particolarly  as  geodes, 
nests,  and  vein-lillings,  or  as  products  of  change.  The  rock  is 
firm,  of  a  gray  color,  and  massive,  forming  low  mountain  ranges. 

The  Plagioclase  is  provisionally  taken  for  Labradorite,  a  soda. lime 
feldspar.  It  is  finely  striated  on  the  easiest  cleavage  surface  (0), 
and  shows  under  the  microscope  a  banded  structure  in  thin  sec- 
tions between  crossed  Nicols,  due  to  the  frequent  twinning  which 
the  triclinic  feldspars  all  exhibit.  In  some  parts  of  this  forma- 
tion, near  Duluth,  the  plagioclase  appears  more  like  Anorthite. 
It  is  then  in  long,  narrow,  tabular  crystals,  rather  than  in 
crowded  grains,  or  massive,  and  these  crystals  cut  the  pyroxene, 
from  having  been  first  formed  in  passing  from  a  molten  to  a  solid 
state. 

The  pyroxene,  cut  at  random  in  a  thin  section  of  the  rock, 
occasionally  shows  a   foliation  parallel    to    the    orthopinacoid. 
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which  is  characteriatic  of  the  variety  of  pyroxene  styled  Diallage. 
It  is  of  a  brownish -yellow  color,  or  nearly  colorless  when  not 
partially  decayed,  and  non-dichroic ;  and  between  crossed  Nicols 
it  polarizes  in  brilliant  colors.  Much  of  it  is  fibrous  from  incipi- 
ent change,  the  products  being  ferrite  and  yiridite,  when  it  not 
only  plainly  shows  a  fibrous  structure  in  ordinary  transmitted 
light,  but  also  has  a  more  confused  or  clouded  polarization  between 
crossed  Nicols.  Sometimes  minute,  perfect  crystals  are  seen. 
They  are  short,  stout,  monoelinic  prisms,  hut  more  frequently 
the  pyroxene  is  in  grains  that  show  no  crystal  faces,  but  simply 
fill  the  interstices  between  the  plagioclase  crystals,  or  embrace 
them. 

The  iron  that  is  common  in  this  rock  seems  to  be  always 
titaniferous.  Very  rarely  any  crystalline  forms  can  be  discerned. 
It  seems  to  have  formed  in  crystalline  condition  later  than  the 
plagioclase  and  pyroxene.  It  attaches  itself  to  the  poles  of  the 
magnet,  but  yields  in  decomposition  m  situ,  a  white  subtranslu- 
cent  or  opaque  substance  characteristic  of  menaccanite.* 

As  to  the  proper  designation  of  this  rock,  authorities  would 
differ.  It  is  plainly  an  eruptive  rock.  The  prevailing  usage  in 
naming  a  rock  of  Silurian  age,  containing  labradorite  and  lamel- 
lar pyroxene,  requires  the  term  Gabbro.  The  term  Diabase 
would  be  applied  by  Mr.  Rosenbusch  when  the  pyroxene  is  of 
the  aluminous  variety  called  aujcite,  and  that  term  has  been 
applied  by  Mr.  Pumpeily  to  the  "greenstones"  of  the  Cuprifer- 
ous Series  in  Michigan  and  Wisconsin  {Proceedings  of  the  Amen- 
can  Academy  of  Arts  and  Sciences,  Vol.  XIII),  while  the  term 
Doleryte,  made  by  Mr.  Dana  to  embrace  both  Diabase  and  Basalt, 
is  that  which  would  be  demanded  by  principles  published  by  him 
in  the  American  Journal  of  Science  and  Aiis  for  November  and 
December,  1878. 

The  geological  interest  connected  with  this  rock  is  in  its  inti- 
mate associations  with  a  series  of  metamorphic  rocks,  which  show 
all  stages  of  metaniorphism  from  perfectly  crystalline  sienitic 
granite  to  a  slightly  changed  or  hardly  indurated  red  shale  and 
sandstone.  The  details  of  this  association  can  not  here  be  given. 
It  is  sufficient  to  say  that  at  Duluth  the  red  rock  may  be  seen  in 
the  quarries  suddenly  replacing  the  eruptive  rock,  and  extending 
sometimes  superficially  over  several  square  rods  in  the  midst  of 
the  igneous  rock.  In  other  places  it  fills  interstices  and  wedge- 
shaped  openings,  and  at  various  places  in  the  hills  a  mile  or  two 

■  Se«  the  Pltlh  Annnsl  Report  of  the  Snrve;,  IBTt,  for  ui  ■nRlyaia  of  an  Impare  Iron  ore 
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north  of  Duluth  it  may  \}f:  seen  in  place  forming  »  large  part  of 
the  hills.  It  generally  runs  under  the  eruptive  rock,  but  some* 
times  seems  to  have  been  as  perfectly  fluid  aa  the  other,  and  rises 
massively  to  the  general  surface.  The  most  highly  changed  and 
crystalline  parts  of  this  red  rock  are  in  the  higher  elevations,  where 
also  the  coarsest  crystals  of  the  eruptive  rock  are  found.  Not 
only  do  the  series  of  traceable,  successive  changes  from  crystatliz- 
ation  to  sedimentary,  fragmental  structure,  show  this  red  rock  to 
be  of  different  origin  from  the  eruptive  rock,  but  its  mineral  com- 
position is  also  equally  strong  evidence.  It  consists,  when  per- 
fectly crystalline,  largely  of  quartz,  which  is  penetrated  by  numer- 
ous acicular  crystals  of  apatite,  of  red  orthoclase  feldspar  and 
hornblende.  The  quartz  is  in  subangular  grains,  and  constitutes 
from  one-fourth  to  one-half  of  the  whole.  The  orthoclase  is  red* 
dened  by  ferric  oxide,  and  very  often  its  crystalline  structure  is 
lost  by  decay.  Both  these  minerals  are  pierced  by  apatite  crys- 
tals. The  hornblende  is  in  brownish -yellow  grains,  instead  of 
greenish -yellow,  and  seldom  shows,  so  far  as  examined,  a  charac- 
teristic dichroicism,  though  between  crossed  Nicols  it  sometimes 
shows  the  colors  yellow  and  green  in  different  grains.  This  rock 
also  generally  contains  some  magnetite  in  scattering  cubes,  and 
sometimes  other  animportant  accessories. 

In  its  various  stages  of  change  this  rock,  associated  with  the 
foregoing  eruptive  rock,  seems  to  extend  along  the  Lake  Superior 
shore  northeastward  as  far  as  to  Grand  Portage,  where  it  leaves 
the  coast  of  Minnesota  and  passes  under  the  lake  to  Isle  Royale,  a 
lower  formation,  making  the  shore  line  east  of  Grand  Portage. 

Although  the  actual  extension  of  these  red  shales  and  sand- 
stone layers  westward  from  Duluth  to  Fond  du  Lac  cannot  be  seen, 
owing  to  the  prevalence  of  the  drift,  it  is  the  most  obvious 
hypothesis  to  parallelize  them  with  the  tilted  red  shales  and  sand- 
stones of  that  locality.  There  is  a  similarity  of  top<%raphy 
extending  from  one  place  to  the  other.  The  great  basin  of  the 
lake  actually  does  extend  up  the  St.  Louis  Valley  as  far  as  Fond  du 
Lac,  and  a  little  beyond.  The  strike  and  dip  of  the  red  shales  and 
sandstones  is  perfectly  in  accord  with  the  same  at  Duluth.  They 
are  highly  tilted  at  Fond  du  Lac  as  if  disturbed  by  the  same 
upheaval.  They  lie  on  the  Huronian  Slates  above  Fond  du  Lac, 
and  succeed  to  them,  or  to  the  Animikie  Group  of  Dr.  T.  S.  Hunt, 
where  they  leave  the  shore  line  near  Grand  Portage.  The  iden- 
tity of  these  shales  and  sandstones  as  one  great  group  can  hardly 
be  questioned.     This  was  first  recognized  by  Messrs.  Foster  and 
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Whitney  in  1849-50*,  who  regarded  them  aa  of  the  Potsdam  age. 
The  separate  portions  of  the  formation,  with  intervening  beds  of 
igneous  outflow,  hare  uDconformable  stratification,  a  necessary 
result  of  the  diaturbance  that  prevailed  in  the  Lake  Superior 
district  during  the  time  of  their  deposit.  What  bearing  this  may 
have  on  the  reported  existence  of  two  sandstooe  formations  along 
the  south  shore  of  Lake  Superior,  one  known  as  the  Keweenian 
series,  involved  with  the  igneous  rocks,  and  the  other  distinctively 
as  the  Potsdam  of  New  York,  it  is  not  yet  possible  to  know;  but 
along  the  northwestern  shore  of  Lake  Superior  there  is  certainly 
no  good  reason  for  rejecting  the  identification  of  Messrs.  Foster 
and  Whitney,  supplemented  as  it  was  by  the  unquestioned  author- 
ity of  Prof.  James  Hall.  The  incongmoua  and  ponderous  "Quebec 
Group"  of  the  Canadian  geologists  was  extended  by  Sir.  W.  E. 
Logan  from  the  Canadian  Territory  along  the  northwestern  shore 
of  Lake  Superior  to  Dnluth,  covering  these  rockst,  but  in  the 
present  unsettled  condition  of  the  limits  and  nature  of  the  rocks 
of  that  gronpt,  it  is  premature  to  admit  of  such  conjectural  exten- 
sion, even  if  it  be  admitted  that  that  group  did  not,  as  enlarged, 
inTolre  much  of  the  earlier  Potsdam  of  New  York,  and  as  still 
further  extended  by  Mr.  Selwyn,  the  upper  portion  also  of  the 
Huronian,  making  it  truly  a  "remarkable  assemblage"  to  be 
embraced  under  a  single  designation.  At  the  same  time  it  can 
scarcely  be  denied  that  this  series,  known  (with  the  accompanying 
igenous  rocks)  as  the  "tipper  Copper  Bearing  rocks  of  Lake 
Superior,"  is  the  equivalent  of  some  part  of  the  eastern  Quebec, 
as  ui^ed  by  Mr.  Selwyn,  and  that  there  are  "no  good  grounds  for 
assigning  either  an  age  or  an  origin  to  the  cupriferous  diorytes, 
dolerytes  and  amygdoloids  of  the  eastern  townships  different  from 
that  of  the  almost  identical  rocks  of  Lake  Superior.  "||  Mow  the 
age  of  the  Fond  du  Lac  sandstones  is  by  very  general  assent  of 
geolc^ists  regarded  Potsdam.  Prof.  Irving  h^  lately  assigned 
them  to  the  Potsdam,  and  colored  them  continuously  with  the 
sandstones  that  form  the  southwest  shore  of  Lake  Superior  in 

'Btport  OR  Ot  Oteloffy  of  Ott  Lake  Superior  Land  Ditrid. 

tS«  the  gsological  map  of  Canada,  pnbllabed  by  tbe  Caaadlao  Stirve;  la  IBM.  Aleiandar 
Humj  had  In  184T  siaigiied  the  nndatonca  at  tbe  eut  eud  of  Lake  Superior  to  tbe  Potadam 
•«■• 

A  blstorlcil  iDmrnary  oF  tbe  whole  queatlDD  li  fiTeii  to  T.  SterrT  Huat'i  Report  <E)  on  the 
Trap  dykea  and  Aioic  rocks  of  aontheaitem  Pennaylrania. 

}8«e  The  Oeological  Sumsv  ef  Canaaa,  Beporlfvr  1S7T-18T8,  and  The  CinadUn  KalDrallM, 
Vol.  1X„  Nog.  I,  a  and  8. 

ICompare  the  Firth  Annul  Report  OD  tbe  GeologlMl  and  Natanl  malorj  SnrTey  or  Uln- 
oewU,  p.  W;  Blao  American  Journal  of  Science,  tod  Setlea,  Yal.  XXUI,  p.  V».  where  Hr. 
Whitnej  haa  reviewed  the  mbjecl. 
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Wisconsin.  We  hence  see  the  Potsdam  in  its  extenBion  to  Duluth 
involved  with  these  igneous  rocks,  in  upheaval  and  metamorphism,* 
and  cannot  resist  the  conviction  that  the  whole  series  known  as 
the  Upper  Copper  Bearing  Rocks,  or  as  the  Keweenian,  or  as  the 
Qaebec  Group,  on  different  authorities,  was  correctly  assigned  to 
the  Potsdam  at  first  by  Messrs.  Foster,  Whitney  and  Hall  in 
1M9,  and  subsequently  by  B.  D.  Owen. 

It  has  been  noticed  both  at  Duluth  and  at  other  points  along 
the  northwest  shore  of  Lake  Superior  that  the  Cupriferous  rocks 
show  more  coarsely  and  sometimes  a  porphyritically  crystalline 
structure  at  points  a  few  miles  away  from  the  lake,  and  especially  in 
the  elevated  portions,  asintheraugeofhillsat  Poplar  river,  known 
as  the  Saw-Teeth  Mountains.  In  descending  from  these  hill- 
ranges  the  structure  gradually  becomes  finer,  and  near  the  coast 
the  rock  is  more  evideutly  the  result  of  sudden  cooling  of  molten 
matter,  the  red  shales  and  conglomerates  being  simply  amygdaloi- 
dal,  and  the  igneous  rock  preserving  the  wrinkled  surfaces  and 
vesicular  structure  of  the  successive  outflows.  At  Duluth  this 
succession  of  changes  in  the  igneous  rock  is  easily  traceable,  by 
reason  of  the  removal  of  the  forest  and  the  frequent  exposures  of 
the  rock  throughout  the  city  in  the  grading  of  the  streets  and 
other  excavations.  Coincident  with  this  change  is  the  change  in 
the  metamorphism  of  the  sedimentary  layers.  Kear  the  tops  of 
the  hills,  and  at  points  far  inland,  the  sedimentary  rocks  are  per- 
fectly crystalline,  but  .they  almost  always  show  a  red  color; 
toward  the  lake  they  are  finer-grained,  and  are  sometimes  hard  and 
"jaspery,"  with  conchoidal  fracture.  On  getting  further  atill 
from  the  seat  of  the  metamorphosing  forces  their  real  fragnieutal 
character  is  fully  revealed.  They  pass  through  the  stages  of 
hardened  siliceous  slate  and  red  porphyry  to  laumontitic  calcare- 
ous amygdaloid  and  conglomerate,  and  even  to  a  true  shale,  pre- 
serving the  ripple-marks  of  gently  agitated  wat«r.  This  changed 
condition  of  the  Potsdam  occupies  a  large  area  in  northeastern 
Minnesota  next  south  and  east  of  the  strike  of  the  Hnronian  and 
Animikie  belts,  and  its  full  extent  has  not  yet  been  ascertained. 
What  has  here  been  said  is  intended  only  as  an  introduction  to 
the  full  description  of  the  facts,  and  the  discussion  of  these  inter- 
esting geological  questions  which  can  be  solved  so  quickly,  and 
are  destined  to  be  solved  so  largely  by  the  use  of  the  polarizing 
microscope. 
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III. 

THE  MUSEUM. 


The  two  rooms  ia  the  main  University  bnilding  used  for  the 
General  Mnseum,  after  a  long  period  of  confusion,  during  some  of 
which  one  or  both  of  them  were  closed  to  promiscuous  visitation, 
were  pat  into  good  order  in  April,  on  the  completion  of  the  mount- 
ing of  the  Megatherium  Cuvieri,  and  were  regularly  opened  to 
general  admission.  After  the  rearrangement  of  the  larger  of  the 
Ward  series  of  casts,  on  suitable  supports  about  the  room,  the 
zoological  apartment  afforded  a  very  inviting  and  instmctive 
appearance,  and  the  Muauem  was  much  visited  both  by  the  people 
of  the  city,  by  students,  and  by  strangers.  In  the  fall  of  the  yeiir 
the  same  room  received  a  couple  of  new  cases  for  the  storage  of 
zoological  alcoholic  specimens.  These  are  placed  near  the  center 
of  the  room,  but  necessarily  hide  some  of  the  other  cases,  and 
crowd  the  aisles  surrounding  them;  but  no  better  plan  could  be 
derised.  The  room  is  too  small,  and  if  the  specimens  gathered  at 
the  present  time  were  to  be  all  put  on  exhibition,  some  other  room 
would  have  to  be  provided.  Prof.  Hall  also  filled  the  upright  case 
on  the  north  side  of  the  room  with  the  smaller  of  the  stuffed 
mammals,  and  with  the  soil  samples  gathered  in  variona  parts  of 
the  State.  These  last  are  in  glass  jars.  Prof.  Hall  also  rearranged 
some  of  the  corals  and  sponges  in  the  same  room,  removing  the 
samples  of  artificial  products,  as  polished  marble  slate,  etc.,  to  the 
south  room. 

In  the  south  room,  where  the  minerals  and  geological  specimens ' 
are  kept,  no  additional  cases  have  been  built,  but  the  minerals, 
which  before  were  crowded  have  been  rehandled,  mostly  by  Prof. 
Hall,  and  so  arranged  that  they  follow  successively,  from  case  to 
ease,  the  system  of  classification  and  the  numeration  of  Prof. 
Dana. 

The  principal  accession  to  the  Museum  during  the  year  has  been, 
perhaps,  the  Estherville  aerolite.  This  important  specimen  was 
purchased  by  the  Board  of  Regents,  and  was  obtained  largely 
through  the  instrumentality  of  Prof.  E.  J.  Thompson,  who  at  the 
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request  of  the  curator,  haa  gathered  all  the  facta  attending  its  fall, 
and  has  preaented  a  preliminary  report  on  it.  The  specimen 
itself,  after  being  photographed,  was,  by  order  of  the  Esecu* 
tive  Committee  deliyered  to  Prof.  Peckham  for  analysis.  In  a 
aubsequeat  report  a  full  exposition  will  be  given  of  its  chemical, 
mioeralogical  and  internal  structure,  accompanied  by  illustrations. 
A  cast  was  taken  in  plaster  of  Paris.  It  was  then  cut  for  analyti- 
cal examination.  A  piece  weighing  about  nine  pounds  has  been 
sent  to  Prof.  J.  Lawrence  Smith,  who  in  return  has  sent  the 
museum  twenty  from  other  specimens  of  meteoric  iron  and  stone, 
some  of  them  being  from  Africa,  and  others  from  Australia,  Oreen- 
land,  Hungary,  Mexico,  France,  and  Poland,  as  well  as  from 
various  parts  of  the  United  States.  The  specimens  from  Green- 
land  are  taken  from  the  basalt,  and  resemble  meteoric  iron  in 
composition.  One  specimen  from  Mexico  weighs  six  and  three- 
fourths  poands,  and  another  contains  rare  mineral  Daubitelite. 
This  valuable  addition  to  the  Museum  makes  our  collection  of 
meteorites  one  of  the  best  in  the  Qbited  States:  It  is  contained 
in  a  special  case  in  the  south  room  of  the  Museum. 
Prof.  Thompson  says; 

Hay  10, 1B79,  was  a  bright,  clear,  cloudless  day.  At  S  o'clock  in  the  after- 
noon, in  full  sunshine,  this  meteorite  passed  through  the  air,  exploded,  and 
fell  in  the  town  of  Estherrille,  Smmet  county,  Iowa,  about  ten  or  twelve 
miles  below  the  southerD  boundary  of  Jackson  county,  Uinnesota,  in  lati- 
tude 43  degrees  30  minutes  north,  longitude  94  degreei  SO  minutes  west  from 
Greenwich. 

The  path  It  followed  marked  a  course  from  northwest  to  southeast,  and 
was  seen  for  a  distance  of  several  hundred  miles. 

Mr.  W.  L.  Wilklns,  of  Austin,  told  me,  as  he  was  traveling  in  the  north- 
west part  of  Mower  county,  Hay  10,  about  E  o'clock  p.m.,  he  heard  an  unus- 
ual crackling  and  hiaaing  nolae  about  him,  and,  upon  looking  up,  saw  to  the 
west  of  blm  the  meteor  passing.  This  was  more  than  100  miles  from  wliere 
it  fell. 

Mr.  Frichard,  who  resides  in  the  northwest  part  of  Blue  Earth  county,  saw 
it  pass  as  it  aeemed  far  to  the  northwest  of  him,  and  describes  It  aa  a  moat 
'startling  and  wonderful  phenomenon — a  huge  ball  of  Are,  followed  closely 
by  a  cloud  of  fire.  Be^rts  from  localities  still  further  northwest,  some 
from  Dakota,  confirm  the  opinion  that  its  direction  was  as  above  stated.  Its 
appearance  in  the  beavena  was  that  of  a  huge  globe  of  flre,  attended  by  a 
fiery  cloud.  The  Inhabitants  residing  within  the  area  of  a  circle  whose 
diameter  is  six  miles,  for  a  few  minutes  were  greatly  alarmed;  not  more  at 
the  simple  flying  ball  of  flre,  which  seemed  so  near  to  them,  than  at  the  ter- 
riflc  explosions  Immediately  above  them.  Those  who  did  not  see  It  thought 
an  earthquake  had  occurred,  and  were  in  graat  terror.  All  agree  essentially 
ingivingthe  facta  connected  with  its  explosion  and  force.  The  noise  accom- 
panying its  flight  is  described  as  rumbling,  cracking,  crashing,  similar  to 
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that  produced  by  a  train  of  cars  crossing  a  long  bridge ;  then  came  a  verj 
lood  report,  immediately  followed  by  two  distinct  reports  in  quick  succes- 
don,  though  not  so  explosive  or  loud  as  the  flret.  It  struck  the  ground  in 
separate  masses,  together  with  smaller  fragmenta  scattered  over  an  area  of 
three  or  four  miles.  There  were  two  large  pieces  which  fell  about  two  miles 
apart,  In  a  direct  northwest  tine,  both  at  an  angle  of  nearly  eighty  degrees. 

The  fmpressiona  of  those  who  saw  the  meteor  in  the  air  Just  at  the  time  of 
explosion  wa«,  that  still  another  large  mass  fell  not  far  distant.  This  has 
been  coDflrmed  by  the  recent  finding  of  a  piece  weighing  150  pounda,  by  & 
trapper  named  Bobert  Pletz. 

The  largest  mass,  weighing  470  pounds,  now  at  Eeokuk,  Iowa,  penetrated 
a  hard  blue  clay  soil,  covered  with  water,  to  the  depth  of  twelve  feet.  The 
mass  weighing  ITD  pounds,  now  at  the  Btate  University,  fell  on  a  diy,  grassy 
knoll,  and  was  burled  to  the  depth  of  five  and  a  half  feet  below  the  surface. 
A  few  rods  from  the  largest  mass  was  found  a  fragment  weighing  thirty 
pounds,  and  a  school-boy  picked  up  a  specimen  weighing  three  pounds  a 
little  distance  away  from  the  largest.  These  resembled  the  great  body  of 
the  meteorite  in  all  respects. 

There  was  no  appreciable  difference  in  time  between  the  explosion  and  the 
striking  on  the  earth.  The  form  of  all  the  pieces  Is  like  that  of  rudely 
detached  masses  from  a  quarry,  or  ejected  from  the  mouth  of  a  volcano. 
The  mass  in  the  museum  of  the  University  has  an  irregular  rhomboldal  out- 
line, about  fifteen  by  eighteen  inches,  of  an  average  thickness  of  six  inches, 
and  when  first  obtained  was  covered,  as  most  meteorites,  with  a  black  ahin< 
ing  coat  or  crust.  The  largest  mass  is  not  so  regular  in  Its  fonnation.  It 
is  more  ragged,  and  bHstles  with  points  of  nickel liferoua  iron.  Prof,  Hein- 
rich  of  the  Iowa  Btate  University  pronounced  it  the  most  valtiable  of  the 
two  large  masses;  but  a  full  analyses  will  probably  determine  them  to  be 
one  and  the  same,  while  the  nickelliferous  Iron  seemed  more  abundant  In  the 
largest,  the  crystalline  formations  are  far  more  numerous  in  the  smaller. 

Beveral  observers  saw  the  large  masses  when  they  struck  the  ground,  and 
state  positively  that  sod  and  gravel  and  dirt  scattered  far  and  near,  and  for 
a  moment  the  air  was  filled  with  flying  stones  and  small  masses  of  earth. 
The  largest  stmck  near  a  sohool-honse,  the  smaller  within  twenty  or  thirty 
rods  of  a  dwelling,  much  to  the  terror  of  the  Inmates.  The  language  of  the 
good  old  lady  sitting  by  the  window  at  the  time,  in  a  measure  describes  their 
frixht:  "Mysoull  I  thought  the  end  of  the  world  had  come,  and  I  fell  on 
my  face  and  waited."  The  concussion  produced  by  its  passage  through  the 
air  was  so  great  that  glass  was  broken  in  the  windows,  and  in  many  Instances 
where  men  were  working  in  the  field  their  horses  were  completely  stunned 
with  fright. 

The  following  Is  an  account  given  me  by  one  of  the  nearest  eye  witnesses: 
"I  was  ploughing  com  and  my  team  was  making  to  the  westward,  when 
suddenly  I  was  startled  by  a  distant  whirring  sound,  which  grew  louder  and 
nearer,  broken  and  crackling,  and  as  I  looked  up  towacds  the  uorthwest  I 
saw  a  large  ball  of  fire  sweeping,  as  it  were,  down  upon  me.  Instantly  there 
come  a  loud  report,  at  once  followed  by  a  second  and  third,  not  so  loud  as 
the  first.  In  a  few  moments  several  persons  were  on  the  spot  where  they 
saw  it  fall,  and  began  digging — for  what  they  knew  not — only,  as  they 
expressed  it,  '  that  ball  of  fire  they  saw  fall  there.'  " 
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The  earth  through  which  it  passed  prescnteda  cracked,  baked  appearance, 
and  the  openings  in  the  ground  made  b;  the  meteorites  indicated  &  twisting 
or  revolTing  motion,  as  they  seemed  bored  aa  with  a  large  augur.  With 
reference  to  its  altitude  when  first  seen,  and  at  the  moment  of  tlieexploaioQ, 
and  the  immediate  descent,  our  knowledge,  at  beat  must  I>e  quite  imperfect. 
Calculating  as  well  as  I  have  been  able,  from  data  given  me  by  an  expert  and 
skillful  civil  engineer,  who  was  at  the  time  at  work  on  the  Southern  Hlnne- 
sola  railroad,  and  who  carefully  as  possible  noted  its  appearance  and  attitude, 
I  should  judge  its  height  to  liave  been,  before  the  reports  were  heard,  from 
thirty  to  forty  miles.  At  the  time  of  explosion  it  must  have  been  very  much 
less.  From  a  partial  and  yet  unflniahed  computation,  it  is  thought  its 
velocity  to  have  been  between  two  and  four  miiea  per  second. 

Ta  the  lower  portioD  of  the  mineral  cases  have  been  stored  tem- 
porarilf  a  large  number  of  rock  samples  and  of  fossils  from  abroad, 
and  from  the  State  of  Minnesota.  Arrangements  have  been  made 
for  completing  the  shelving  intended  for  these  cases,  when  they 
will  be  more  convenient  and  will  contain  nearly  double  tbeir 
present  contents. 

In  the  laboratory  of  the  survey  a  great  many  boxes  have  been 
opened,  their  contents  labeled,  the  large  specimens  often  dressed 
down  to  suitable  size,  and  distributed  into  classes,  registered  when 
their  names  have  been  known,  and  got  ready  for  exhibition  in  the 
Museum.  The  crystalline  rocks  of  the  State  have  yet  to  receive 
full  examination,  and  have  not  been  registered.  They  are  simply 
numbered  with  blue  shellac  and  alcohol,  with  the  field  number  of 
the  survey. 

The  report  of  Prof.  Hall  shows  what  zoological  and  botanical 
specimens  have  been  collected  by  him  and  Mr.  Roberts  for  the 
Museum.  These  are  mainly  not  yet  on  exhibition,  owing  to  lack 
of  time  and  proper  facilities  for  their  preparation,  but  they  are 
being  arranged  as  fast  as  possible. 

The  accompanying  catalogue  of  registered  specimens  shows  the 
geological  and  mineralogical  accessions  during  the  year.  Exchange 
of  specimens  has  been  made  with  Prof.  C.  H.  Hitchcock,  of  the 
Geological  Survey  of  New  Hampshire,  Mr.  B.  H.  Wright  of  Penn 
Tan,  New  York,  S.  H,  Baker  of  the  Owatonna  Academy,  Prof, 
T.  Egleston  of  the  Columbia  College  School  of  Mines,  and  with 
the  Museum  of  Technology.  A  part  of  the  Estberville  aerolite 
has  also  been  exchanged  with  Prof.  J.  Lawrence  Smith  for  a  nnm- 
ber  of  meteoric  stones  from  different  parts  of  the  world. 

Ever  since  the  beginning  of  the  geological  survey  a  class  of 
specimens  has  been  increasing  for  which  no  provision  has  been 
made.  They  consist  of  ancient  stone  hammers,  arrow-beads, 
Indian  pottery,  and  other  relics  of  the  Mound  Builders  and  the 
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Indians.  It  is  designed  to  prepare  a  suitable  place  of  deposit  for 
these  specimens,  so  tbat  they  may  be  on  eshibition,  and  so  that 
.  they  may  serve  as  a  nucleus  for  the  gathering  of  a  full  series  of 
these  interestiDf;  relics.  As  the  State  is  settled  these  specimens 
are  discovered,  and  unless  there  is  a  recognized  agency  for  their 
.fiollectioD  and  preservation  they  are  lost  sight  of,  or  slip  away  to 
other  museums.  The  General  Museum  of  the  tTniversity,  being 
established  by  State  law,  is  the  proper  place  of  deposit  and  ezhihi> 
tion  of  such  articles.  It  is  believed  that  the  people  of  the  State 
who  have  theoi  in  their  possession  will  often  be  glad  to  place  them 
in  the  museum,  either  temporarily  or  permanently,  when  tfaey 
are  once  satisfied  that  they  are  to  be  carefully  preserved. 
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IV. 


PALJIONTOLOGT. 


Descriptions  of  New  Species  of  Bracki<^oda  from  tlie  Trenton  and 
Hudson  Siver  Formations  in  Minnesota. 


BT  N.  H.  WINCHELL. 


Qenua  Llnirala,  (Bniguiere.) 

<Eiicyc.  Meth.  I.  tab.,  250. 

Gen,  Char. — Sub-equivalve,  equilateral,  loEgitudinally  oTate 
or  sub- pentagon  at,  both  valves  channelled  equally  at  the  beaks  for 
the  passage  of  the  pedicle  (one  beak  a  little  longer  and  more 
pointed  than  the  other,  which  latter  has  a  narrow  internal  flat 
area;)  internally  each  valve  has  a  thickened  pad  in  the  middle, 
and  the  shorter  one  has  in  front  of  it  a  prominent  internal 
septnto.  The  species  of  the  genus  grow  wider  proportionally 
with  age.    (McCoy,  Brit.  Pal.  Foss-) 

This  genus  has  been  regarded  as  one  of  the  few  living  forms 
that  began  their  existence  among  the  earliest  marine  inhabitants 
of  the  globe,  (Pal.  N.  Y.,  Vol.  I,  p.  94)  but,  according  to  Prof. 
James  Hall,  it  is  "extremely  doubtful  whether  we  have  yet  evi- 
dence to  claim  the  occurrence  of  a  single  species  of  true  Lingula 
in  the  lower  palteozoic  rocks,"  {2Zrd  Reg.  Rep.,  p.  246.)  The 
older  Linguloid  forms  in  the  Potsdam  sandstone  have  been  dis- 
tributed, at  least  provisionally,  among  the  new  genera  LtngiiUtia 
(Salter,)  Lin(/iilepis(Ra]i,)  Obolella  (Billings,)  and  Lingulops  (Hall.) 
These  bracheopods  have  fragile  phosphatic  valves,  a  circumstance 
which  has  served  to  preserve  their  lustre  in  many  eases  where  the 
exterior  of  the  shell  is  exposed  freshly,  and  to   prevent  their 
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absorption  into  the  rock.  They  are  easily  distioguishable  from 
the  other  genera  of  brachiopods  found  in  the  Trenton  Group  of 
rocks.  Until  more  definite  information  is  obtained  of  the  differ- 
ences and  distinctions  amon^  the  above-mentioned  new  genera,  it 
will  be  admissible  to  place  them  all  under  the  old  term  so  far  as 
they  occur  in  the  Trenton  Group. 


IdugalA  Mlunesotensls.    (Jf.  ip.] 

Bxferem^  arul  Sywmym.y. — Linguln  quadrats,  Wi-nek^,  Qeol.  and  Kat.  Hist. 
Survey,  Annual  Report  for  1879,  p.  49 ;  also  HM  for  18T6,  p.  54,  215  ; 
also  *Md  for  1877,  p.  164. 

Shell  sub-quadrate  or  oblong,  the  sides  nearly  straight  and 
parallel,  but  with  a  little  convexity;  the  anterior  angles  rounded, 
the  sides  passing  into  the  posterior  lateral  edges  with  a  uniform 
curvature;  the  beak  of  one  valve  projecting  beyond  the  other;  the 
shorter' valve  more  elevated  and  tumid  than  the  larger,  both 
transversely  and  longitudinally;  on  the  exfoliation  of  the  shell 
each  side  of  the  cast  shows  a  central  furrow  extending  from  the 
beak  about  three-fourths  the  length  of  the  shell;  in  front  of  the 
postero-lateral  margins  is  a  somewhat  depressed  space  on  either 
side  of  the  beak,  and  on  either  valve,  the  convexity  of  the 
valves  rising  more  rapidly  at  a  short  distance  from  the  margins; 
this  depression  along  the  posterior  angles  gradually  disappears  as 
the  central  elevat«d  area  widens  toward  the  front. 

Although  the  true  surface  of  the  shell  is  generally  exfoliated, 
on  the  interior  casts  are  concentric,  broad  plications  of  growth. 
These  are  crossed,  at  least  along  their  central  front,  by  longitu- 
dinal radiations.  Along  the  depressed  postero -lateral  margins  these 
concentric  plications  are  crowded  and  imbricated.  Between,  and 
also  covering  these  plications  of  growth,  are  fine  concentric  strife 
over  the  whole  surface. 

Length  nearly  \  inch;  width  a  tittle  over  ^  inch. 

The  species  resembles  L.  Lewieii  (Sow.)  but  has  not  the  straight 
postero -lateral  margins  (Brit.  Pal.  Foss.  p.  253.)  It  also  resem- 
bles L.  quadrata,  (£ich.)  but  is  but  little  more  than  one-half  the 
size  of  that,  and  the  difference  in  the  convexity  of  its  valves  is 
greater. 

In  the  report  for  1875  this  species  was  identified  as  L.  quadrata 
(Eich.)  at  Taylor's  quarry  near  Fountain. 

Localiti/  and  Formation.  Olmsted  county,  (W.  D.  Hurlbut.) 
Fountaip,  Fillmore  county,  and  Wanamingo  in  Goodhue  county. 
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Minneapolis,  associated  with  Strt^homena  deltotdea  (Con.)  In 
the  Trenton  limestone. 

Ccikctors.     N.  H.  Winchell ;  at  Minneapolis  H.  V.  Winchell. 

Museum  Register  Numbers,  3499,  3501,  (=291,)  3502  (=645.) 
3503.* 

LlngnU  Horlbntl.    (iT.  «p.) 

Shell  ovate,  broadest  in  the  anterior  half,  and  pointed ;  the 
sides  approaching  the  apex  with  a  gentle  convexity ;  lines  tangent 
to  sides  at  one-third  the  length  from  the  apex,  form  an  angle  of 
seventy-two  degrees;  anterior  angles  obsolete.  The  exterior  sur- 
face of  the  shell  is  marked  by  sharply  elevated  concentric  plica- 
tions, which  stand  perpendicular  to  the  shell,  and  on  the  anterior 
third  portion  five  occupy  the  space  of  one  line,  but  toward  the 
beak  they  are  reduced  in  size  and  increase  in  frequency  so  as  to 
become  mere  striae.  Where  these  are  largest  and  perfectly  devel- 
oped, the  intervening  grooves  are  destitute  of  fine  stris- 
tions.  These  plications  leave  corresponding  'lines  on  the  interior 
cast  when  the  shell  is  exfoliated.  There  are  no  longitudinal  radia- 
tions visible  on  the  exterior,  but  on  the  cast  near  the  front  are 
exceedingly  dim,  interrupted  lines  visible  under  the  lens,  that  pos- 
sibly have  the  same  origin,  but  these  do  not  extend  more  than  a 
line  and  a  half  from  the  front  margin,  and  they  cannot  be  seen 
even  with  the  lens  except  under  a  favorable  angle  of  reflected  light. 

The  most  elevated  portion  is  at  one.third  the  length  from  the 
beak;  but  the  convexity  of  the  valve  is  moderate  and  regular. 

This  species  resembles  Lingula  Daphne  (Bill,)  but  exceeds  the 
greatest  size  of  that  as  given  by  Mr,  Billings  (Pal.  Foas.,  p.  50,) 
by  2^  lines,  and  is  wholly  devoid  of  the  fine  concentric  striee  of 
that  species. 

Locality  and  Formation.  At  Mantorville,  in  the  Galena  lime- 
stone, collected  by  N,  H,  Winchell, 

Miiseum  Register,  Number  393. 

Dedicated  to  Mr.  W.  D.  Hurlbut  of  Rochester,  Minn.,  one  of 
the  earliest  patrons  of  the  Geological  and  Natural  History  Survey. 

•  since  the  «boTe  wis  written  the  mnw  ipKlea  has  been  pnbliihed  In  the  Americm  Jonr- 
ntl  of  Science  b;  Ur.  R.  P.  Whitfield.  (Jnno  1880,)  and  aamed  Ungula  Eldiri.  Hli  epecl- 
tatai  were  procnred  lor  him  by  Dr.  Elder,  of  Hocheater,  where  thej  occnr  In  the  Trenton 
UmeBtone,  and  exhibit  ao  perfectly  the  IntfTnal  ni(iklD(^  dae  to  the  Tleceral  aad  maBcnlar 
■tructare,  that  Ur.  Wbltfleld  regard*  the  ipeelee  a  trne  Lingula,  comparing  It  to  Untfta 
anatlna  (Lam.)  now  living.  IMorltj  of  pnbllcation  will  require  the  adoption  of  Ur.  Whit- 
lleld'e  name,  which  will  hereafter  be  applied  to  it  In  the  pnbUutlona  of  the  enrvej. 
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Gbmus.    Crute.    (Retzius.) 
Gen.  Char. — Attached  by  the  subatange  of  the  dorsal   valve, 
which  exhibits  an  irregular  scar.     The  posterior  pair  of  adductor 
mascles  are  larger  and  deeper  than  the  anterior  pair. 

Crania  trrannlosa.    C-^.  »P-) 

Shell  small  but  prominently  elevated  at  the  beak;  orbicular,  or 
somewhat  widened  between  the  antero-lateral  margins;  no  con- 
centric strite  or  uudulations  visible  on  the  exterior  of  the  shell, 
nor  radiations;  the  whole  surface  of  the  dorsal  valve  uniformly 
fine-granulated,  or  postulose;  these  granulations  not  disposed  in 
any  apparent  order.     The  lower  valve  unknown. 

Locality  and  Formation. — Minneapolis,  in  the  Trenton  limestone- 
Collected  by  C.  L.  Herrick. 

Museum  Number  708. 

Qemcb.    Orthls.    (Dalman.) 

Gen.  Char. — Subquadrate  or  rounded;  hinge  line  rarely  equal- 
ling the  width  of  the  shell;  shell  radiately  striated  or  plaited; 
each  valve  with  a  triangular  cardinal  area,  and  a  triangular  fora- 
men, generally  more  or  less  closed  in  orie  valve  by  adeltidium; 
dorsal  valve  with  divergent  short-teeth,  and  a  simple  cardinal  pro- 
cess between  them. 

Orthis  Minneapolis.    {lf-,»p-) 

Shell  transversely  suboval;  greater  diameter  from  nine  to  ten 
lines, but  some  of  the  smaller  specimens  less  than  seven;  smaller 
diameter  from  five  to  seven  lines,  but  in  the  smaller  specimens 
about  fonr;  hinge-line  less  than  the  greater  width  of  the  ahell, 
but  the  cardinal  angles  are  distinct  in  all  cases,  and  sometimes 
slightly  recurved  by  the  appression  of  the  valves.  A  shallow, 
broad  sinus  depresses  the  front  of  the  larger  valve,  which  produces 
a  marked  geniculation  in  the  front  margin,  and  sometimes  an 
elongation  of  both  valves  toward  the  front.  From  this  sinus  the 
ontline  of  the  shell  rounds  evenly  to  the  cardinal  angles.  Both 
valves  with  a  distinct  hinge-area,  that  of  the  entering  valve  being 
abont  two-thirds  the  height  of  that  of  the  receiving,  both  being 
somewhat  concave  transversely,  and  with  triangular  foramens. 
The  foramen  of  the  receiving  valve  is  about  twice  as  high  as  wide, 
and  that  of  the  entering  is  about  equilateral.  The  beak  of  the 
larger  valve  is  small  and  moderately  abrupt,  that  of  the  smaller 
inconspicuous.  Both  valves  are  ornamented  with  fine  radiating, 
striae,  which  increase  in  number  by  implantation  two  or  three 
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times  between  the  beak  and  the  mai^in,  reiDaining  of  nearly  the 
s&me  size.  In  some  specimens  broad,  imbricating  growth-bands 
cress  these  striae  near  the  margin,  but  even  in  well-preserved 
specimens,  there  is  visible  under  the  lena  no  inter-costal  crenu- 
latioD. 

The  interior  of  the  receiving  valve  has  two  strong  ridges  that 
define  the  margins  of  the  maia  muscular  impression,  descending 
from  the  cardinal  processes  curvingly  toward  the  centre  of  the 
valve,  and  terminating,  before  they  anite,  in  vanishing  points  at 
about  midway  between  the  beak  and  the  front  margin.  Between 
these  ridges,  and  within  the  area  they  enclose,  rises  suddenly  in 
the  middle  of  the  valve  a  straight,  shnrp  ridge  that  extends  toward 
the  front  of  the  valve,  cardinal  processes  tooth-like. 

The  interior  of  tbe  entering  valve  is  only  partly  known.  On  a 
single  specimen  only  is  preserved  a  strongly  divergent  small  tooth, 
with  a  deep  pit  separating  it  from  the  cardinal  area.  There  seem 
to  be  also  three  (two  are  preserved)  main  ridges  radiating  from 
the  beak,  two  short  ones  from  the  bases  of  the  cardinal  teeth,  and 
one  longer  between  them.  The  impressions  of  the  external  radii 
are  visible  on  tbe  interior  margins  of  both  valves.  This  differs 
from  Orthis  Maria,  (Billings,)  which  it  resembles,  in  having  the 
&ont  never  straight,  but  rather  protruded  at  the  mesial  angle, 
and  in  the  finer  radiating  striee,  which  are  from  six  to  eight  in 
one  line,  at  the  middle  of  the  front  margin,  instead  of  from  three 
to  four. 

Fot-mation  and  Locality.  Hndson  River  shales  at  Minneapolis, 
and  at  Fountain  in  Fillmore  county. 

Cotlectprs.     N.  H.  Winchell  and  C.  L.  Herrick. 

Musfum  Register  NumberSt  321,  644,  and  737. 

OrtUs  media,  (JT.  tp.) 
Allied  to  Orthis  Minneapolis,  and  at  first  confounded  with  that 
species  in  the  preliminary  assortment,  is  a  species  that  varies 
from  it  in  outward  characters,  in  having  coarser  strite,  (and  in 
that  respect  approaching  Orthis  Maria — Billings,)  there  being  at 
the  front  margin  four  or  five  of  the  radiating  striae  in  tbe  space  of 
one  line,  and  in  having  a  less  deep  mesial  depression  on  the  front 
of  the  receiving  valve.  Along  the  central  portion  of  tbe  enter- 
ing valve  is  usually  a  flattened  area  that  widens  from  the  beak 
toward  the  front,  terminating  at  the  mesial  angles,  and  the  cardi- 
nal angles  are  'sometimes  reflected  at  their  extremities.  The 
valves  are  apt  to  be  displaced  and  distorted,  indicating  an  insecure 
dental  articnlation,  but  there  has  been  no  opportunity  to  examine 
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"the  interior.  The  triangular  foramen  of  the  receiving  valve, 
which  is  open  in  all  cases,  has  a  height  of  one  line,  which  is  about 
one-third  or  one-half  greater  than  that  of  the  entering  valve. 
The  radiating  strise  double  their  number  in  the  umbonal  region, 
by  implantation,  and  in  the  same  manner  further  increase  their 
number  near  the  margin  of  the  valves.  They  are  crossed  by 
growth>bandR  toward  the  margin  of  the  shell. 

The  transverse  diameter  of  this  shell  varies  from  seven  to  nine 
lines;  that  from  the  beaks  to  the  front  margin  froai  less  than  six 
to  less  than  eight. 

Fonnation  and  Locality.  Hudson  River  shales,  at  Minneapolis. 
Collected  by  C.  L.  Herrick. 

Museum  Segister  Number  3514. 

Ortbls  Kassnto.    (if.  *p.) 

Shell  transversely  oblong,  with  a  hinge-line  terminating  in  dis* 
tinct  cardinal  angles,  bat  less  than  the  greatest  transverse  diame- 
ter of  the  shell:  outline  evenly  rounded  through  the  front  from 
the  cardinal  angles,  but  having  a  broad,  gentle  inclination  toward 
the  side  of  the  entering  valve  along  the  front  margin;  valves 
-closely  appressed  about  the  free  margins,  but  having  a  thickness 
through  the  umboesfrom  2|  to  Si  lines;  height  of  the  larger  fora- 
men about  i  the  length  of  the  hinge-line,  and  about  i  greater 
than  its  width  at  the  base;  cardinal  areas  somewhat  concave,  but 
the  beaks  are  far  separate,  that  of  the  receiving  valve  bein}|  less 
extended  posteriorly  than  the  other,  though  more  elevated  aiid 
more  abrupt;  the  plain  of  the  cardinal  area  of  the  entering  valve, 
which  is  in  the  plain  of  the  sides  »f  the  shell,  forms  an  anglt- 
greater  than  90°  with  that  of  the  receiving  valve. 

Surface  marked  by  fine  radiating  costee  which  bifurcate  once  or 
twice  between  the  beaks  and  the  free  margins,  none  of  them  run- 
ning out  on  the  hinge-line,  there  being  from  six  to  eight  in  the 
space  of  one  line  in  the  middle  of  the  front.     Interior  unknown. 

Locality  and  Formation.  Minneapolis,  in  the  Hudson  river 
shales. 

Collector.     N.  H.  Winchell. 

Museitm  Register  Numbers,  336  and  643. 

Named  from  Mr.  Charles  Kassube  of  Minneapolis,  whose  col- 
lection contains  the  most  perfect  specimen  seen. 

Ortbis  am<ena.    (.JV.  »p.) 

Shell  transversely  oval  with  a  hinge  line  that  compares  to  the 

greatest  diameter  about  as  5  to  9.     Evenly  rounded  from  the  car- 
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dinal  extremities,  which  hardly  distarb  the  symmetry  of  the  out- 
line, through  the  Iront  margin;  valves  nearly  equal;  nmbonal 
region  of  the  receiving  valve  surrounded  by  a  depressed  or  some- 
what concave  border,  which  in  the  front  margin  becomes  flat  or 
inclines  toward  the  entering  valve;  the  entering  valve  having 
much  leas  mai^iual  concavity,  but  being  moderately  and  evenly 
convex;  cardinal  areas  small;  foramens  also  small;  beak  of  the 
receiving  valve  somewhat  incurved;  that  of  the  entering  valve 
small,  but  abrupt  and  distinct;  surface  marked  by  rays  which  are 
doubled  or  tripled  in  number  on  the  umbo,  by  implantation,  but 
maintain  a  larger  size  than  the  rest  in  passing  to  the  margins, 
several  of  which  are  also  curved  so  as  to  run  out  on  the  hinge- 
line;  transverse  diameter  9  to  10  lines;  perpendicular  diameter 
from  T^  to  8i  lines.     Interior  unknown. 

Locality  and  Formation.  Spring  Valley,  in  the  Galena  beds  of 
the  Hudson  Biver  Formation. 

Collected  by  N.  H.  Wincbell. 

Miiseitm  Number  642. 

Ortliis  drcularlB.    (JT.  »p.) 

Shell  sub-circular,  the  greatest  diameter  being  from  just  in 
front  of  one  cardinal  angle  to  the  antero-lateral  margin  on  the 
opposite  side;  hinge-line  about  one-half  the  greatest  diameter; 
along  the  front  margin  is  a  very  slight  inclination  toward  the 
smaller  valve,  but  the  valves  are  otherwise  uniformly  convex; 
umbo  of  the  receiving  valve  prominent  and  full,  but  the  beak  low 
and  arched  over  the  cardinal  area;  the  other  valve  less  elevated  in 
the  umbo,  and  the  beak  less  prolonged,  but  slightly  incurved  over 
the  hinge-line;  the  open  foramen  of  the  receiving  valve  long  and 
narrow,  with  an  obtuse  apex,  but  two  or  three  times  as  wide  at 
the  base  as  at  the  top;  surface  marked  by  numerous  fine  rays, 
which,  bifurcating  once  or  twice  between  the  umbo  and  the  free 
margin,  are  sub-equal  at  the  middle  of  the  front  margin,  and  num- 
ber six  or  seven  in  the  space  of  one  line,  two  or  three  curving 
backward  from  the  beak  and  terminating  on  the  hinge-area. 
These  rays  are  crossed  by  fine  concentric  lines,  only  visible  in 
fresh  specimens  and  under  a  magnifier,  and  by  distant  dim  growth- 
bands,  which  latter  begin  on  the  umbo;  diameter  about  half  an 
inch.     Interior  unknown. 

Locality  and  Formation.  Oxford  Mills,  near  Canon  Falls,  in 
Goodhue  county,  in  the  Hudson  River  shales. 

Collector.    N.  H.  Winchell. 

Museum  Register  Number  3515. 
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OrtUs  CbarlottK.    l/T.  «p.) 
Of  this  species  the  only  specimen  seen  is  a  perfect  receiving; 
Talve. 

This  valve  is  transversely  oval,  or  suborbieular,  with  a  hinge- 
line  less  than  two-thirds  the  greatest  diameter,  and  with  incon- 
spicuous cardinal  angles;  moderately  and  uniformly  convex,  bnfc 
with  a  broad  undefined  flattening  along  the  central  front,  which 
extends  about  one-third  the  distance  toward  the  beak  and  insen- 
sibly passes  into  the  general  convexity ;  beak  distinct,  and  elevated 
above  the  hinge-line  one  line  and  a  half,  making  angles  with  the 
posterior  third  of  the  plain  of  the  lateral  margins,  of  102°  and  78°, 
the  former  being  within  the  valve  and  the  latter  behind  the  cardi- 
nal area;  cardinal  area  nearly  straight,  the  ventral  teeth  forming 
inward  projections  on  the  hinge-line ;  the  foramen  triangular,  with 
a  width  at  the  base  nearly  the  same  as  the  height;  exterior  marked 
by  22-24  coarse,  undivided,  rounded,  radiating  plications  of  the 
shell,  two  or  three  of  which  on  each  side  of  the  beak,  rather  ter- 
minate, or  subside,  on  the  hinge-line;  these  plications  crossed  by 
imbricating  growth-bands,  some  of  which  are  very  fine,  and  some 
coarse;  the  intervening  inward  plications  being  of  the  same  width, 
but  on  the  interior  of  the  shell  presenting  a  very  different  aspect, 
by  having  each  a  central  furrow  or  trough  and  thus  appearing 
double. 

The  interior  of  the  valve  shows  the  grooved  inward  plications 
of  the  shell  extending,  along  the  front,  nearly  half  way  toward 
the  beak,  along  the  lateral  margins  much  less,  and  disappearing 
wholly  toward  tbe  cardinal  angles,  but  in  all  cases  extending 
within  the  visceral  area,  in  the  form  of  faint  ridges  or  striations 
which  increase  in  number  toward  the  center  of  tht shell;  brachial 
processes  stout,  trigonal,  truncato-concave  on  their  extremities; 
muscular  impression  rather  narrow  and  small,  bilobat«,  defined 
by  a  marginal  ridge  which  is  much  more  distinct  posteriorly,  and 
converging  at  an  angle  of  20°,  and  confluent  with  the  brachial 
processes,  extending  to  within  one  line  of  the  center  of  the  valve; 
adductor  and  divaricator  scars  confluent;  a  short,  distinct,  keel- 
like, mesial  ridge  extending  from  the  sinus  formed  by  the  lobes 
toward  the  center  of  tbe  general  muscular  scar,  where  it  is  sud- 
denly succeeded  by  a  central  depression  which  contracts  to  the 
beak,  bounded  by  distinct  ridges  and  having  a  slight  central  eleva- 
tion; ventral  adjustor  scars  outside  the  bracbial  processes  and 
coarsely  striated  transversely.  Transverse  diameter  11  lines,  per- 
pendicular about  10  lines. 

The  dorsal  valve  is  unknown. 
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This  species  differs  from  0.  callactts  (Dal.)  by  not  hsTiag  both 
valves  greatly  depressed,  and  in  having  22-24  ribs  instead  of 
16-20. 

It  differs  from  0.  Acton'm  (Sow.)  in  not  having  a  cardinal  line 
equal  to  the  width  of  the  ahell,  nor  acute  cardinal  angles,  nor  an 
incurved  ventral  beak,  nor  11-20  angular  ribs. 

It  differs  from  0.  calUgramma  (Dal.)  in  not  having  a  prominent 
beak  in  the  receiving  valve  incurved  nearly  to  the  level  of  the 
lateral  margins.     (McCoy.) 

It  differs  from  0.  Jlabelliilum  (Sow.)  in  not  having  &  flat  receiv- 
ing valve,  and  in  not  having  the  dental  lamellae  of  the  receiving 
valve  diverging  at  an  angle  of  85°.  ■  (McCoy.) 

It  differs  from  0.  pectinella  (Conrad)  in  not  having  a  flat  receiv- 
ing valve.     (Hall.) 

Mr.  Salter,  in  the  Memoirs  of  the  Bfitish  Geological  Survey,  Vol. 
11,  part  1,  p.  374,  has  assayed  to  include  under  the  general  specific 
name  of  0.  calUgramma  not  only  the  cailigramma  of  Dalman, 
but  also  his  ca^ac/t5,  Sowerby's  virgata  and  i-uatica  and  Sptrifer 
plicatus.  Von  Buch-'s  ovata  and  orthambonUes  (after  de  VerneuilO 
Davidson's  Walsalli  and  tigida,  and  a  numberof  species  of  Pander, 
but  recognizing  seven  varieties.  Admitting  this  combination, 
and  comparing  the  species  undir  consideration  with  his  general 
specific  description,  it  is  found  to  differ  from  it  in  not  having 
squarish  ribs  and  square  furrows  equal  to  the  ribs,  nor  a  rhom- 
boidal  muscular  impression  in  the  ventral  (receiving)  valve, 
divided  by  a  broad  faint  ndge;  yet  it  may  be  that  Mr.  Salter's 
description  may  be  legitimately  modified  and  extended  so  as  to 
cover  this  form  also. 

Locality  and  Formation.  Minneapolis,  in  the  Hudson  River 
shales. 

Collected  by  C.  L.  Herrick. 

Musmm  Register  Number  667. 

Ortlils  Connidl.    (if.  tp.) 

Shell  having  the  shape  and  size  of  Orthh  disparilis  (Con.)  but 
with  a  moderately  convex  entering  valve,  with  from  fifty  to  sixty 
fine  radiating  strife  on  each  valve,  about  half  of  which  disappear 
before  reaching  the  beak;  foramen  of  the  larger  valve  narrow,  of 
the  smaller  valve  triangular;  surface  with  indistinct  growth-bands, 
but  without  evident  interradial  crenolation;  on  the  center  of  the 
smaller  valve  is  a  flattening  that  widens  from  the  beak,  and  dis- 
appears before  reaching  the  margin. 

Orthis  dispanlis,  according  to  Conrad's  original  description 
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(Proe.  Acad.  Nat.  Set.,  Phil,  18i3,  Vd.  I, p.  383,)  has  "about 
twenty -eight  promioeut,  rounded,  regular  ribs,"  and  the  lesser 
valve  slightly  concave,  with  a  depressed  furrow  in  the  middle. 
Prof.  Hall  adds  to  this  by  saying  (Pal.  N.  Y.,  Vd.  I,  p.  119)  the 
ribs  are  "crossed  by  finer,  concentric,  elevated  lines,"  and  that 
the  foramen  is  a.  narrow,  nearly  linear  slit  reaching  to  the  apex; 
bat  subsequently  he  and  Mr.  R.  P.  Whitfield  concurred  in  the 
opinion  that  Conrad's  0.  disparUis  is  the  young  of  Orthis  tiicena- 
ria,  (Con.)  {Pal  of  Ohio,  Vd.  II,  p.  78),  especially  as  they  both 
come  from  the  Trenton  limestones  of  western  Wisconsin;  and  the 
figures  of  this  species  in  the  Palseontology  of  Kew  York  seem  to 
bear  out  this  view.  Mr.  Billings,  in  the  Canadian  Naturaligt  and 
Oedogist  for  1859,  Vol,  IV,  figures  this  species  from  the  Chazy 
with  a  "  nearly  flat  dorsal  valve,  and  about  twenty -eight  rounded, 
undivided  ribs. "  At  the  same  time  he  deaenbes  from  the  Chazy 
limestone  Orthis  Porcia,  which  differs  from  0.  diapnrilit  '*  in  hav- 
ing the  radiating  ridges  not  so  strong,"  in  its  " fine,  strongly 
imbricated,  concentric  strife ' '  and  "  more  perpendicular  area  "  in 
the  receiving  valve,  the  dorsal  valve  being  unknown. 

The  species  under  consideration  difTers  essentially  from  all  the 
foregoing,  and  is  certainly  not  the  young  of  Othis  tricenaria,  since, 
although  both  occur  at  Minneapolis,  this  is  from  the  Hudson 
River  Shales,  while  0.  tricenaria  is  found  in  the  aubcrystalline 
layers  of  the  upper  portion  of  the  Trenton,  usually  in  the  from  of 
interior  casts. 

Formation  and  Locality.  Hudson  River-Shales  at  Minneapolis, 
and  in  the  shales  accompanying  the  upper  portion  of  the  Ti«nton 
at  Fountain  in  Fillmore  county. 

Collectors— m.  H.  Winchell  and  C.  L.  Herrick. 

Museum  Register  Numbers  661  and  789. 
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PRELIMINARY  REPORT 

OK  TBS 

GEOLOGY  OF  CENTRAL  AND  WESTERN  MINNESOTA. 

BT  WABKEir  DPHAH. 


The  area  here  to  be  described  w&sexploredduring  the snmneraiiil autumn 
of  1379.  It  lies  on  the  west  side  of  the  Missiaslppi  river,  and  has  this  stream 
for  its  border  30  miles  along  the  north-ea-tt  side  of  Wright  countj- .  At 
Clearwater,  60  miles  north-west  from  Saint  Paul,  the  north-east  boimdai; 
of  this  area  leaves  the  river  and  runs  west  GO  miles,  to  the  south-east  earner 
of  Pope  county ;  whence  it  extends  120  miles  due  north,  to  the  north-east 
comer  of  Becker  county,  five  milas  south-west  from  Itasca  lake.  The 
northern  limit  of  this  exploration  is  a  line  drawn  from  the  last  point  7S 
miles  west,  to  the  Red  River  of  the  North,  which  it  strikes  19  miles  north 
from  Moorhead  and  Fargo.  On  the  west  the  boundary  Is  that  of  Minnesota 
for  130  miles,  following  up  Red  and  Bois  dea  Sioux  rivers  and  along  Traverse 
and  Big  Stone- lakes.  On  the  south-weat  it  is  the  Minnesota  river  in  its 
south-east  course  from  Big  Stone  lake  to  its  northward  bend  at  Mankato, 
140  miles ;  this  limit,  however,  l>eing  erossed  so  far  as  to  include  both  sides 
of  the  trough-like  valley  in  which  this  river  flows.  Thence  the  border  is  at 
the  east  side  of  Le  Sueur,  Scott,  Carver,  and  Wright  counties ;  reaching  IS 
miles  from  south  to  north.  The  extreme  length  of  this  area  is  2S0  miles, 
this  being  parallel  with  the  upper  part  of  the  Minnesota  river,  its  south- 
west boundary ;  while  its  average  width  is  about  65  miles.  It  thus  embraces 
approximately  16,000  square  miles,  or  one-fifth  of  the  State. 

In  their  order  from  north-west  to  south-east,  the  twenty-two  counties 
included  in  the  field  of  this  report,  are  as  follows :  Clay,  Wilkin,  Traverse, 
Becker,  Otter  Tail,  and  Grant,  principally  drained  by  the  Red  river;  Big 
Stone,  Swift,  Chippewa,  Renville,  Nicollet,  Sibley,  Carver,  and  Scott, 
bordering  Minnesota  river;  with  Stevens,  Douglas,  Pope,  and  Kandiyohi, 
also  drained  in  large  part  into  this  river ;  and  Meeker,  Mcl/eod,  and  Wright, 
drained  principally  by  the  Crow  river,  which  Joins  the  Mississippi  at  Dayton. 
The  exploration  of  the  topography  and  geology  of  this  large  tract  within  a 
single  year  has  been  made  possible  by  the  similarity  of  contour  and  the 
great  extent  and  depth  of  ita  drift  deposits,  and  by  the  very  narrow  limita 
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within  whicli  tlie  underlTing  ancient  roclca  are  exposed.  Theee  erposures 
have  been  found,  with  one  exception,  onl;  along  the  bottom  of  the  valle;  of 
Klnneaota  river,  and  in  the  valieys  of  a  few  of  its  tributaries,  near  their 
mouths,  where  cltannels  100  to  200  feet  deep  have  been  excavated  in  the 

drift. 

TOPOORAPHV. 

The  greater  part,  probably  tluree-fourths,  of  this  area  has  a  moderately 
vnditlating  turfaee,  which  lies  in  broad  swells  of  various  extent,  height  and 
direction,  some  of  them  prolonged,  but  general!}'  without  any  uniformity  in 
trend,  while  others  are  oval  or  nearly  round.  The  highest  portions  of 
.adjoining  undulations  vary  from  a  few]rods  to  a  half  mile  or  more  apart  i 
and  their  elevation  la  sometimes  6  to  15  feet,  again  20  to  30,  or  even  40  feet 
or  more,  above  the  depressions,  to  which  the  descent  is  usually  by  very 
gentle  slopes.  These  hollows  have  a  contour  that  is  like  that  of  the  swells 
inverted,  being  mostly  wide,  and  either  in  long  and  often  crooked  courses, 
of  unequal  depth,  variously  branched  and  connected  one  with  another,  or 
in  basins  from  one  to  one  hundred  acres  in  extent,  which  have  no  outlet  but 
'are  surrounded  by  land  5  feet  or  perhaps  10,  20,  or  30  feet  higher  upon  all 
Jiides.  The  small  swamps  which  flU  these  depressions  are  called  ilougK*  or 
maTiAa,  the  former  name  being  most  in  use  upon  the  prairies.  Many  other 
depressions,  which  dlBer  from  the  foregoing  only  in  their  greater  depth  or 
area,  contain  bodies  of  water,  which  vary  from  a  few  hundred  feet  to  Ave  or 
ten  miles  in  length.  All  these  are  called  lakei;  and  the  term  pond,  which 
w-ould  be  applied  to  these  in  Che  north-eastern  United  States,  Is  here 
restricted  to  reservoirs  made  by  dams. 

Oiadai  Origin  of  Swptrfieiai  D^otiU  and  Contour.  The  portions  of  the 
earth  upon  which  natural  lakes  abound  are  further  characterized  by  surface 
deposits  of  clay,  sand,  gravel,  and  boulders,  mixed  together  in  the  same 
mass,  which  Is  called  till,  boulder-clay,  hardpan,  or  unmodified  drift.  The 
rock- fragments  are  of  very  diverse  material  and  origin,  having  been  gathered 
from  ledges  that  are  in  place  in  widely  separated  districts.  The  direction 
in  which  these  boulders  and  pebbles  have  been  carried  is  from  norib  to 
£OUth,  or  to  the  south-east  or  south-west,  throughout  the  northern  United 
States  and  in  adjoining  British  territory.  In  these  and  all  other  drift-covered 
regions  the  bed-rocks  are  marked  by  parallel  scratches  and  furrows,  called 
Jtrie,  that  run  in  the  direction  in  which  the  boulders  have  been  transported. 
The  glaciers  of  the  Alps  and  of  Greenland  show  us  such  markings  and 
similar  deposits  of  drift  now  in  process  of  formation ;  and  there  are  no 
«tber  known  agencies  capable  of  producing  these  effects.  It  is  therefore  a 
necessary  conclusion  that  the  last  period  in  the  geological  history  of  this 
region  brought  a  very  cold  climate  in  which  a  vast  ice-sheet  was  accumu- 
lated, each  year  adding  something  to  its  depth  by  the  excess  of  snowfall  over 
what  could  be  removed  by  melting  and  evaporation.  Its  greatest  thickness 
was  far  at  the  north,  where  the  solid  ice  probably  became  several  miles 
deep ;  and  the  pressure  of  tikis  vast  weight  caused  it  to  flow  slowly  outward 
in  all  directions  from  its  deepest  part.  The  superficial  materials  formed  by 
decomposition  of  the  rocks  before  this  glacial  period,  were  then  ploughed 
up,  mingled  with  large  additions  by  erosion  of  the  underlying  ledges,  and 
carried  forward  in  the  direction  of  the  Ice-current,  It  appears,  also,  by 
shells  and  trees  found  deeply  buried  between  glacial  deposit?,  that  this  very 
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cold  period  vras  not  one  unbroken  reign  of  ice,  but  tbat  Ibis  retreated  aaii 
reiidvanced,  or  was  possibly  at  some  times  nearly  all  melted  and  then  accu- 
mulated anew.  Thus  periods  of  ice  alternated  with  interglacial  epochs,  in 
which  animal  and  vegetable  life  spread  again  nortliward,  following  close- 
upon  the  retreat  of  the  ice-fields.  By  each  new  advance  of  the  glacial  sheet 
much  of  the  previous  surface  would  be  ploughed  up  and  redeposited  ;  hence 
we  find  ODly  few  and  scanty  remnants  of  fossiliferous  heda  in  the  glacial 
drift.  At  the  disappearance  of  the  last  ice-aheet  these  drifted  materiale, 
seldom  modified  by  water  in  their  deposition,  fonned  a  mantle  100  to  20O 
feet  thick,  which  throughout  the  region, here  described  completely  covered 
the  solid  rocks. 

The  gently  undulating  contour  of  most  of  this  region  appears  to  mark 
areas  over  which  the  ice-sheet  moved  in  a  continuous  current,  and  from 
which  it  disappeared  by  melting  that  was  extended  at  the  same  time  over  a 
wide  field.  The  inequalities  of  surface  are  very  slight  in  comparison  with 
the  thickness  of  the  drift,  and  the  average  height  generally  rises  or  falls 
Imperceptibly,  its  slope  being  often  not  more  than  50  or  100  feet  in  as  many 
miles.  These  general  changes  in  altitude,  which  affect  the  whole  country- 
and  give  direction  to  its  drainage,  are  doubtless  produced  by  differences  in 
height  of  the  bed-rock  upon  which  the  drift  lies  as  a  sheet,  probably  some- 
what uniform  in  depth ;  but  the  small  elevations  and  depressions  appear  to 
be  due  to  the  accumulation  of  different  amounts  of  tilt  in  and  beneath 
adjoining  portions  of  the  moving  fee-sheet.  This  unequal  deposition  of  the 
drift  has  produced  the  multitude  of  lakes  which  dot  the  map  of  Minnesota. 
The  lapse  of  time  since  the  ice-age  has  been  insufficient  for  rains  and 
streams  to  All  these  basins  with  sediment,  or  to  cut  outlets  low  enough  to 
drain  them ;  though  in  many  instances  we  can  see  such  changes  slowly  going 
forward. 

TermiTial  Moraine  of  the  lee-SheeC. — The  most  noticeable  deposits  of  an 
alpine  glacier  are  its  terminal  moraine,  or  the  heaps  of  rock- fragments  and 
detritus  which  it  carries  forward  to  its  termination.  This  frontal  line  often 
remains  at  nearly  the  same  place  through  many  years  or  centuries.  The- 
flowing  ice  continues  to  this  limit,  where  it  is  melted,  and  the  materials 
which  have  fallen  upon  Its  surface  from  bordering  cliffs,  or  which  it  ha» 
ploughed  up  from  below,  are  here  left  at  its  end  in  heaps,  ridges  and  hillocks^ 
of  very  irregular  contour,  due  to  slight  retreats  and  advances  of  the  ice- 
front,  and  of  greater  amount  than  the  deposits  which  appear  upon  the  area. 
over  which  it  moved,  exposed  when  any  climaial  change  causes  the  glacier 
to  retreat  a  considerable  distance.  Within  the  fleld  here  reported  we  find 
similar  but  much  greater  accumulations  of  drift  which  appear  to  have  been 
amassed  where  our  last  ice-sheet  had  its  termination  through  a  long  period. 
The  only  notable  hills  of  this  area  are  of  this  origin.  Tliey  have  nO' 
exposures  of  solid  rock,  but  form  part  of  a  belt  of  rough  and  hilly  drift, 
where  steep  slopes  and  abruptly  curving  and  broken  outlines  prevail. 

This  series  of  hills  and  rough  land  extends  the  whole  length  of  this  area, 
290  miles ;  and  beyond  these  limits  it  appears  to  be  of  the  same  age  with  » 
similar  belt  of  hilly  drift  which  has  been  ti«ced  across  Wisconsin  in  the 
recent  geological  survey  of  that  state,  where  it  la  called  the  Settle  Moraine. 
Farther  east  it  Is  probably  represented  by  similar  deposits  which  cross  north- 
eastern Illinois,  thence  bend  north-eastward  into  southern  Michigan,  again 


D.gitizecbyG00glc 


STATE  GEOLOGIST.  73 

turn  to  the  south  and  east  through  Indians  and  Ohio,  appe&r  in  eastern 
Pennajlvania  and  ngrthem  New  Jersey,  and  have  been  traced  by  the  writer 
of  this  aloDg  the  north  shore  of  eastern  Long  Island,  through  southern 
Rhode  Island,  in  the  Elizabeth  islands,  and  along  Cape  Cod  to  its  east  shore. 
West  of  Minnesota  our  series  of  hilU  is  continuous,  bj  a  loop  that  reaches^ 
into  northern  Iowa,  to  the  great  drift-range  wbi6h  has  been  called  in  its 
south-east  portion  the  Coteau  des  Prairies  and  farther  north-west  the  Cotesu 
de  Missouri,  estending  to  the  North  Sastcatchenau  riTcr,  350  miles  west  of 
Lake  Winnipeg.  These  moratnic  accumulations,  traced  more  than  half 
wa;  across  the  continent,  are  thought  to  mark  the  line  to  which  the  ice- 
sheet  advanced  and  where  it  had  its  termination  through  the  principal  part 
of  the  last  glacial  epoch.  At  a  previous  period  it  reached  much  farther- 
south,  carrying  its  drift  somewhat  beyond  the  Missouri  river  and  nearly  to 
the  Ohio.  The  limit  of  the  ice  in  tliis  earlier  epoch  was  300  miles  south  of 
our  terminal  moraine. 

Medial  MoratTia.  Before  describing  these  hills  in  Minnesota,  it  is  needful 
to  mention  that  other  lines  of  detritus  and  boulders,  called  medial  moraines, 
are  formed  by  alpine  glaciers  wherever  they  meet  from  confluent  valleys, 
thence  flowing  onward  together.  Series  of  drift-bilk  of  lihc  origin  are  asso- 
ciated with  the  terminal  moraine  of  the  continental  ice-sheet,  which  is  found 
to  have  its  course  in  long  curves,  convex  toward  the  south  and  joined  with 
each  other  by  angles  that  point  northward.  The  glacial  sheet  is  thus  known 
to  have  had  its  front  divided  in  vast  lobes,  each  of  which  had  a  diverging 
current,  directed  at  all  sides  perpendicularly  toward  its  curved  frontal 
moraine.  North  from  the  angle  of  adjoining  ice-lobes  their  currents  pushed 
ttigainst  each  other,  and  along  this  line  of  conSuent  ice- fields  medial  moraines 
were  accumulated,  consisting  of  irregular  hills,  ridges  and  mounds  of  drift, 
of  the  same  character  with  those  that  were  formed  along  the  margin  of  the 
ice-sheet. 

Th«  mtrraine  in  vsettem  MinnMita  Is  partly  medial  and  partly  terminal. 
Beginning  beyond  the  northern  limit  of  our  exploration,  its  course  is  from 
the  vicinity  of  Rice  lake,  near  the  bead  of  the  Wild  Rice  river,  south-south- 
west 20  miles  to  the  east  side  of  White  Earth  lake.  This  portion  of  the 
moraine  has  hills  GO  to  100  feet  high  seen  from  the  top  of  the  new  school- 
building  at  the  White  Earth  Indian  Agency.  About  this  agency  the  country 
is  prominently  undulating,  or  rolling,  having  its  crests  30  to  40  feet  above 
the  lakes  which  sbound.  Its  general  height  is  about  1600  feet  above  sea,  and 
this  continues  to  the  sources  of  the  Mississippi,  30  miles  east.  In  the  next 
four  miles  west  from  White  Earth  the  land  descends  about  300  feet,  to  an  ex- 
tensive undulating  plain,  which  has  its  east  boundary  at  a  line  running 
nearly  due  south  20  miles  to  the  Northern  Pacific  railroad  two  miles  east  of 
Audubon.  Westward  this  expanse,  declining  from  1300  to  1200  feet  above 
sea,  extends  in  view  from  the  agency  25  miles,  beyond  which  it  again  descends 
300  feet  in  three  or  four  miles  to  the  broad  lacustrine  plain  bordering  the 
Red  river.  The  course  of  the  moraine,  marked  by  many  small  hills  of  very 
irregular  and  broken  contour,  is  due  south  for  its  first  30  miles  from  White 
Earth  lake,  passing  through  the  townships  of  range  40  in  Becker  county. 
This  belt  is  crossed  by  the  road  from  White  Earth  to  Leach  lake,  which  is 
described  as  very  rough  and  billy  to  the  headwaters  of  Otter  Tail  river, 
beyond  which  it  is  gently  undulating  for  GO  miles  eastward.    In  the  western 
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two-thirds  of  Erie  and  BurUngtoo  (139  and  13S  of  range  40)  these  hills  are 
finely  developed ;  they  rise  SO  to  100  feet  above  the  very  numerous  and  irreg- 
ular depreeaions,  but  the  general  height  of  the  country  has  fallen  off,  so  that 
their  tops  are  only  14S0  to  1500  feet  above  sea.  Detroit  mountain,  at  the 
north-east  corner  of  sec.  31,  Erie,  is  one  of  the  highest  of  these  hills.  It 
lies  at  the  west  side  of  their  principal  belt,  which  is  crossed  by  the  roads 
from  Detroit  to  Frazee  City.  On  the  north  road  the  typical  morainic  contour 
is  well  seen  in  sees.  7,  S  and  9,  Burlington.  The  coarse  unmodified  glacial 
drift,  or  till,  of  which  our  moraine  foi  250  miles  Is  everywhere  made,  so  far 
as  observed,  is  here  disposed  in  a.  great  profusion  of  Itnolls,  short  ridges  and 
hills,  20  to  50  feet  high. 

In  Otter  Tail  county  this  morainic  series  continues  from  the  north-west 
comer  of  Hobart  (t.  137,  r.  40,)  south- south-west  to  Spirit  lahe  and  Lake 
Lida,  12  miles.  It  here  varieg  from  one  to  three  miles  tn  width.  Its  knolls 
along  most  of  this  distance  rise  only  2S  to  SO  feet,  but  they  are  much  more 
abundant  and  have  steeper  and  more  broken  slopes  than  upon  adjoining 
areas  to  the  east  or  west.  At  the  south-east  side  of  Lake  Lida  it  forms  a 
range  of  hills,  100  feet  or  more  above  the  lake.  These  are  conspicuously 
seen  from  the  township  of  Maine,  10  miles  south-east.  From  Lake  Lida 
this  moraine  widens  and  covers  the  first  six  or  seven  miles  east  from  the 
Pelican  river,  above  which  it  rises  100  to  150  feet  or  more;  t>eing  well  ei- 
hibited  for  IS  miles  in  the  east  portions  of  Erhard's  Orove,  Elizabeth,  and 
Fergus  Falls.  On  the  road  from  Maine  to  Elizabeth  its  hills  are  very 
numerous  and  irregular  in  outlines,  short,  trending  from  north  to  south  more 
frequently  than  in  other  directions,  and  separated  by  boUon-s  25  to  60  feet 
ileep.  Here  and  for  six  miles  southward,  the  contour  along  the  Red  river 
and  about  Wall  lake,  though  within  this  morainic  bell,  has  been  more 
smoothed  tlian  its  other  portions,  probably  by  floods  produced  at  the  with- 
drawal of  the  ice-sheet.  At  Lake  Lida  these  hills  liave  their  tops  about 
142S  feet  above  sea;  thence  to  the  vicinity  of  Fergus  Falls  this  altitude 
gradually  diminishes  to  1300,  not  because  the  hills  grow  smaller,  but  because 
the  land  on  which  they  lie  slopes  in  this  direction. 

The  region  west  of  this  moraine,  including  the  south-west  comer  of 
Becker  county,  the  south-east  part  of  Clay  county,  and  the  west  range  of 
townships  in  Otter  Tail  county,  extending  from  the  ^forthem  Pacific  railroad 
45  miles  south,  and  as  far  westward  as  to  the  lacustrine  basin  of  the  Bed 
River  valley,  is  mainly  hilly,  with  the  highest  elevations  50  to  100  feet  above 
the  hollows.  In  the  east  part  of  Park  (t.  138,  r.  44,)  and  perhaps  at  some 
other  localities,  these  hills  have  a  typically  morainic  contour,  being  plentiful 
and  irregular,  small  and  steep ;  but  generally  they  are  massive  and  broadly 
rounded,  with  long  gently  curving  slopes.  Indian  hill,  in  sec.  9,  Oscar  (t. 
134,  r.  44,)  affords  a  fine  view  of  part  of  this  area  and  of  the  moraine  seven 
miles  eastward,  while  at  the  west  it  overlooks  the  plain  of  Wilkin  county, 
which  stretches  with  very  slight  descent  20  miles  to  the  Red  river.  On  the 
east  side  of  the  moraine  the  only  prominent  outlying  hills  are  at  the  south- 
east comer  of  Hobart,  where  a  gravell}'  ridge  of  irregular  contour  reaches 
two  or  three  miles  from  nortli  to  south,  its  highest  portion  being  about  150 
feet  above  Ihe  surrounding  country.  These  are  the  hills  which  one  sees 
from  Perham,  looking  north-west. 

The  greatest  development  of  Ihe  moraine  within  the  limits  of  Minnesota, 
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is  in  southern  Otler  Tail  county,  wliere  It  sweeps  in  «  semicircle  from  Fergus 
Falls  aoutli-eaat  to  the  south  line  of  the  county  and  thence  east  and  north- 
east to  £ast  Leaf  lalce,  a  distance  of  SO  miles.  In  the  first  20  miles,  or  from 
Fergus  Falls  to  the  north  side  of  Lake  Christina,  at  the  north-west  comer  of 
Douglas  county,  it  is  divided  into  two  or  three  belts  of  roughly  hilly  laud, 
with  intervening  areas  of  smoother  contour.  At  one  to  two  miles  east  from 
Fergus  Falls  is  B  narrow  belt  of  irregular  hills  and  hollows,  with  the  crests 
about  100  feet  above  the  river.  This  series  continues  one  to  three  miles 
wide  for  15  miles  south-southrcast,  through  Dane  Prairie  and  Tumuli,  into 
the  north-east  corner  of  Pomme  de  Terre  township.  Neit  it  partly  bends 
east  to  the  high  hills  north  of  Pelican  lake,  and  is  partly  represented  by  the 
less  irregular  but  yet  prominently  hilly  land  which  lies  between  Pelican  and 
Pomme  de  Terre  lakes  and  continues  thence  a  few  miles  farther  south.  In 
Dane  Prairie  and  Tumuli  this  moraine  Ilea  at  the  east  side  of  a  series  of 
lakes,  of  which  Swan  and  Ten  Mile  lakes  are  the  largest.  Beside  the  latter, 
in  sees.  27  and  S4,  Tumuli,  the  contour  for  a  width  of  one-eighth  to  one- 
fourth  mile  is  in  very  Irregular  short  hills,  23  to  40  feet  above  the  lake. 
Their  trend,  north-west  to  south-east,  is  parallel  with  the  lake  and  with  the 
course  of  the  moraine.  Theseamall  hills  are  exceedingly  rocky  with  granitic 
and  gneissic  boulders  of  all  sizes  up  to  Ave  or  six  feet  in  diameter,  whlcli 
frequently  cover  half  of  the  ground  for  several  rods  distance.  North-east 
from  this  typically  morainie  line  the  land  for  a  few  miles  is  In  massive  hills 
sad  swells,  which  rise  SO  to  75  feet  above  intervening  hollows  and  lakes.  Its 
least  hilly  portion  is  St.  Olaf  township,  which  has  mostly  a  rolling  surface, 
in  extensive  swells  30  to  50  feet  liigh.  The  east  part  of  Tordenskjold  Is  oc- 
cupied by  H  second  belt  of  very  irregular  hills,  which  is  connected  through 
«ecs.  19  and  SO  and  the  north  part  of  sees.  7  and  8  with  the  series  that  lies 
«t  the  east  side  of  Wall  lake  and  the  Red  river,  reaching  north-west  to  the 
broad  area  of  this  moraine  in  Friberg  and  Elizabeth,  The  Tordenskjold 
liiUs  are  also  Joined  from  the  north  by  another  line  of  drift  deposits,  liaving 
a  very  rough  contour  in  knolls,  ridges  and  hillocks,  2S  to  76  feet  high,  which 
extends  ten  miles  with  an  average  width  of  one  mile,  from  sec.  IS,  Maine, 
south- south- east  by  the  east  side  of  Turtle  lake.  The  wide  moraine  result- 
ing from  the  union  of  these  subordinate  series  continues  south-east  to  Lake 
Christina.  Where  it  Is  crossed  by  the  road  from  Clitherall  to  St,  Olaf,  its 
first  and  highest  hill  is  called  "Dutch  Bluff."  At  the  south  side  of  this, 
about  12S  feet  lower,  is  a  pretty  lake,  half  a  mile  long,  bordered  all  around 
by  morainie  hills.  This  belt  of  short  ridges,  knolls,  and  hollows,  has  a  width 
of  three  miles  thence  to  the  south-west. 

T?it  Leaf  Mile.  In  Eagle  Lake  township,  at  the  north  side  of  Lake  Chris- 
tina, the  last  described  series  and  that  which  comes  from  the  south-west  by 
the  north  side  of  Pelican  lake,  are  united :  and  thence  for  the  next  20  miles 
to  the  east  and  north-east  the  moraine  forms  a  range  five  to  three  miles 
wide,  composed  of  very  irregular,  roughly  outlined  hills,  100  to  300  feet  high 
This  portion  of  the  moraine  is  widely  known  by  the  name  Leaf  mountaiju' 
We  also  occasionally  hear  this  name  applied  to  its  similar  but  less  promi- 
nent portions  in  the  west  part  of  this  county;  and  at  White  Earth  agency  I 
was  informed  that  these  hills  in  Becker  county  are  sometimes  called  a 
branch  of  the  Leaf  mountains.  Northeast  of  East  Leaf  lake,  where  the 
moraine  is  crossed  by  the  road  from  Wadena  to  Otter  Tall  lake,  its  eleva- 
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tiOQg  rise  onlj  about  100  feet  and  are  named  LeafhUl*;  'nbich  eeems  a  more 
appropriate  tille,  and  will  be  used  in  thia  report  to  include  the  highest  part 
of  the  range.  The  comman  name  has  currency  because  they  are  the  only 
hills  in  this  part  of  Minnesota  which  are  conspicuously  seen  at  any  great 
distance. 

Heights  of  the  Leaf  hillg  and  adjoining  region  are  as  follows;  average 
elevation  of  south-eastern  Otter  Tall  tounty,  137B  to  1400  feet  above  sea ; 
Wadena,  135S;  New  York  M  J  Us,  141B;  Porham,  137fi  ;  Alexandria,  1391; 
£vansville,  1354:  Lake  Christina,  about  1200;  Bt.  Olaf,  1344;  Turtle  lake, 
1331 :  Ott«r  Tail  and  Rush  lakes,  about  1325 ;  East  and  West  Leaf  lakes, 
about  1340 ;  East  and  West  Battle  lakes,  about  133S ;  Clitherall  lake,  1341 ; 
Kidaros  plain,  nouth.east  of  last,  14S0  to  1460 ;  Dutch  bluO,  about  1450 ; 
Leaf  hills  in  Eagle  Lake  township,  1400  to  IGOO ;  in  the  north-east  comer  of 
Lund  and  north-west  edge  of  Millerville,  Douglas  county,  1&00  to  1600  ;  iu 
Leaf  Mountain  township,  1560  to  16fi0  ;  in  the  north-west  part  of  Effiington, 
1600  to  1700  ;  highest  summit  of  the  Leaf  hills,  thought  to  be  in  sec.  32,  t. 
132,  r.  38,  about  1790 ;  thence  for  seven  miles  north-eastward,  1650  to  1600  ■, 
depression  In  range  crossed  by  head  of  Leaf  river,  about  1425 ;  hill^  in  nett 
six  miles  north,  to  where  the  series  is  agkin  crossed  by  this  river  below  East 
Leaf  lake,  IMO  to  1490. 

The  road  from  Alexandria  to  Clitherall  crosses  this  range  in  the  township 
of  Leaf  Slouot&in.  The  summit  of  the  road  is  near  the  south  line  of  this 
township,  about  1S25  feet  above  sea.  The  top  of  a  hill  a  quarter  of  a  mile 
east  of  this  and  ahout  125  feet  higher, affords  a  line  view  of  these  "mountains," 
which  westward  and  north-eastward  rise  in  most  tumultuous  confusion  ISO 
to  250  feet  or  more  above  the  Intervening  depressions  They  are  massiver 
though  very  irTeg:ular  in  contour,  with  steep  slopes.  No  prevailing  trend 
is  noticeable.  Between  them  are  enclosed  frequent  lakes,  which  vary  from 
a  few  rode  to  a  mile  In  length,  and  one  of  the  largest  lies  at  the  nortb-eaat 
foot  of  our  hill.  The  material  is  unmodified  drift,  nearly  like  that  which 
forms  veiy  extensive  gently  undulating  tracts  elsewhere.  The  principal 
dltferenco  is  that  rock- fragments,  large  and  small,  are  generally  more 
numerous  upon  these  hills,  and  occasionally  they  occur  in  great  abundance. 

The  Leaf  hills  are  also  crossed  by  the  road  that  runs  north-west  from 
Parker's  Prairie,  In  t,  132,  r.  3g,  this  road  winds  three  or  four  miles  among 
their  knolls,  bills  and  short  ridgea,  riaing  about  100  feet  above  the  land  on 
each  side.  Again,  in  going  from  Otter  Tail  lake  to  Wadena,  this  range  la 
encountered  one  to  two  miles  north-east  from  East  Leaf  lake.  Here  its 
hillocks  are  only  40  to  60  feet  above  the  hollows,  and  100  to  12S  feet  above 
the  lake.  Their  material  is  gravel  and  aand  with  enclosed  boulders,  unlike 
the  stony  and  gravelly  clay  which  makes  up  most  of  these  morainic  accumu- 
lations. This  belt  of  irregular  hillocks  and  hollows,  occupying  a  width  of 
about  two  miles,  next  e:(tend3  in  a  course  a  little  west  of  north  12  miles, 
running  midway  between  New  York  liills  and  Rfegh  lake,  and  ends  (so  far 
as  we  are  able  to  repori)  in  hills  which  rise  100  feet  above  the  general  level 
at  the  south  side  of  Pine  lake. 

Outlying  bills  west  of  this  series  occur  along  the  south  side  of  the  Leaf 
lakes,  where  Ihey  are  5U  to  75  feel  liigh ;  and  for  two  miles  south  from  East 
Battle  lake,  above  which  they  rise  about  150  feet.  On  the  east  side  of  this 
moraine  two  lines  of  hilly  and  irregular  contour  have  been  noted  branching 
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of!  from  it.  The  most  aortbem  Btnrts  four  miles  south  from  tUe  east  «nd  of 
East  t^af  lake,  sod  extends  nearly  due  east  through  Inman  and  Oak  Valley 
into  the  north-west  township  ot  Todd  county.  Od  the  road  from  Wadena 
to  Parker's  Prairie  this  line  is  represented  by  a  nearly  level  tract  of  unmod- 
ifled  bouldw-c!ay,  in  contrast  with  all  the  rest  of  this  road  which  has  only 
strmtified  gravel  and  sand.  Two  miles  farther  east,  in  sec.  9,  t.  133,  r.  35,  it 
rises  in  conspicuous  hills  fully  100  feet  above  the  general  level.  The  other 
series  starts  from  the  highest  part  of  the  Leaf  hills,  15  miles  south  of  Leaf 
takes,  and  passes  south-east  into  Douglas  county.  In  Its  Srst  few  miles  this 
range  decreases  in  height  from  200  to  7S  feet.  At  the  north  lino  of  Douglas 
county  it  divides  into  two  divergent  belts,  both  showing  a  rough  and  broken 
surface,  though  the  hills  of  each  are  only  75  feet  or  less  In  height.  One 
of  these  continues  south-east  and  eaiit  through  Spruce  Hill  township,  beyond 
which  it  has  not  been  traced ;  the  other  runs  sou th-Bouth> west  to  the  north- 
-west  side  of  Lake  Miltona,  along  the  west  side  of  Lake  Ida,  by  Elk  lake  and 
the  west  part  of  Lake  Lobster,  to  the  conspicuous  hills,  about  ISO  feet  high, 
at  the  south-west  comer  of  Moe.  Each  of  these  bells  averages  about  one 
mile  wide.  The  latter,  in  its  farther  extent,  seems  to  lead  by  a  continuous 
course  from  the  prominent  Leaf  hills  to  the  almost  equally  noteworthy 
development  ot  this  monlne  through  40  miles'  distance  in  southern  Pope 
and  northern  Kandiyohi  counties. 

It  may  be  here  remarked  that  the  Leaf  Hills  are  thought  by  the  writer  to 
lie  a  terminal  moraine  accumulated  at  the  north-west  end  of  a  narrow  area, 
which  was  not  covered  by  ice  in  this  epoch,  but  was  bordered  on  its  nortU- 
«ast  and  south-west  sides  by  vast  lobes  of  the  ice-sheet.  This  seems  to  b« 
indicated  by  the  position  of  angles  in  the  moraine,  with  branches,  which 
were  probably  medial,  extending  from  them ;  as  also  by  associated  deposits 
of  stialifled  drift  which  cover  extensive  areas  eastward;  while  it  is  obvious 
that  such  form  of  the  Ice-sheet  would  correspond  to  that  which  it  Lad  at  an 
earlier  period  when  it  reached  farther  and  surrouoded  a  large  driftless  area 
in  front  of  this  at  the  south-east.  The  terminal  moraine  formed  at  the  ice- 
margin  in  onr  last  glacial  epoch  is  therefore  thought  to  be  represented 
by  some  branch  extending  east  and  south-east  from  the  Leaf  hills.  That 
region  has  not  yet  been  explored  in  reference  to  Its  drift  formations :  but  it 
is  Iwlieved  that  a  morainic  belt  will  be  found  traceable  continuously  to  the 
drift -hi  lis  of  Hanomin,  the  south-west  part  of  Ramsey  county,  and  West 
Baint  Paul,  there  crossing  the  Mississippi  river  twice  and  thence  bending 
east  to  Lake  St.  Croli,  beyond  which  its  course  for  the  next  SO  miles  is 
north-eastward  as  traced  by  Prof,  Chamberlin,  in  the  geological  survey  of 


The  portion  of  the  moraine  reaching  from  northern  Becker  county  to 
Fergus  Falls  or  perhaps  to  the  south  line  of  Otter  Tail  county,  and  also  that 
from  the  highest  part  of  the  Leaf  hills  to  Pine  lake,  are  then  probablj' 
medial  deposits  of  drift  heaped  where  opposing  ice-currents  met.  The  ter- 
minal moraine  formed  at  the  west  side  of  the  area  that  is  supposed  not  to 
have  been  covered  by  ice  at  this  time,  maj'  be  represented  by  the  lino  of 
irregular  low  hills  which  runs  by  Lake  Ida  ;  but  it  seems  more  likely  tliat  it 
is  found  in  the  rolling  tract,  nowhere  very  rough  and  broken  in  outlines  but 
rising  in  smooth  swelling  hills  60  to  T5  or  100  feet  high,  extending  from  the 
higher  hills  at  the  south-west  comer  of  Moe  north-westward  to  Pelican  lake 
and  Lake  Christina. 
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From  the  hills  in  Moe  And  the  north-eaat  part  of  Solum,  Ijiog  on  the  north 
and  west  sideH  of  Lake  Oscar,  the  terminal  moraine,  seldom  much  elevated 
Above  the  adjacent  country,  but  distlngulBhed  by  its  irregular  hills  and  hol- 
lows, continues  with  an  average  width  of  about  one  mile,  first  south-west 
and  south  12  miles  to  ttie  bridge  across  Chippewa  river  in  sec,  32,  Nora; 
then  south-east,  east,  and  east- north- east  ie;mile«,  passing  along  the  north 
side  of  Lake  Whipple  to  Glenwood. 

The  height  of  Lake  Whipple  (also  called  White  Bear  lake)  is  estimated  to 
be  about  1100  feet  above  sea.  It  is  situated  near  the  center  of  Popecounty, 
and  is  the  largest  lake  of  the  county,  being  seven  miles  long  with  an  aver- 
age width  of  two  miles.  At  its  north  side,  within  a  half  mile  or  so  back 
from  its  shore,  the  veiy  irregular  bluSs  of  this  moraine  rise  150,  and  in  a  few 
places  200  feet.  This  ascent  forms  the  margin  of  a  gently  undulating 
plateau  which  extends  indefinitely  northward,  with  an  average  elevation 
about  the  same  as  the  top  of  these  blufis.  At  Glenwood  the  moraine  i>ends 
southward  around  the  east  end  of  the  lake,  and  thence  it  appears  to  be 
represented  by  promluent  hills  along  the  line  between  Barsness  and  Chip- 
pewa Falls,  joining  the  well-marked  raorainic  range  of  southern  Pope  county 
at  a  point  10  miles  south  of  Qlenwood.  The  broken  bluffs  bordering  Lake 
Whipple  at  the  north  and  east  are  thus  regarded  as  the  terminal  deposits  of 
ice  which  was  pushed  north-eastward,  covering  the  place  now  occupied  by 
this  lake ;  but  before  the  close  of  this  epoch,  the  ice-front  here  retreated 
several  miles,  after  which  it  halted,  perhaps  with  some  readvance,  forming  a 
more  conspicuous  terminal  moraine  in  Blue  Mounds  and  Barsness,  which 
continues  thence  finely  developed  for  40  miles  to  the  east- south-east  and 
east. 

The  township  of  Blue  Hounds  has  its  name  from  the  hills  of  this  moraine, 
which  begins  a  mite  north-east  from  the  east  end  of  Lake  £mily,  and  extends 
in  a  range  of  very  irregular  contour,  150  to  200  feet  high,  or  about  I2£0  to 
1300  feet  above  sea,  east  along  the  south  side  of  Sfgn&lnas  creek,  east-south- 
east through  Barsness,  by  the  north  side  of  Woodpecker  lake,  and  between 
Scandinavia  lake  and  Chippewa  Falls,  and  thence  south-east  to  the  south 
side  of  Lake  Johanna  township,  where  it  enters  Kandiyohi  county.  The 
road  from  the  west  end  of  Lake  Whipple  to  Benson  flrst  crosses  massively 
liilly  land,  150  feet  high,  then  descends  about  100  feet  to  Signalnas  creek, 
and  nest  climbs  about  125  feet  among  the  picturesque  ridges  and  hillocks  of 
the  moraine,  reaching  a  point  only  30  or  40  feet  below  its  iiighest  summits, 
which  lie  within  one  and  a  half  miles  eastward.  The  range  here  consists 
ntainly  of  steep  ridges  of  variable  height  and  length,  sometimes  a  half  mile 
long,  running  from  west  to  east,  with  many  enclosed  Irregular  hollows. 
The  road  from  Glenwood  to  Benson  also  passes  over  high  swells  north  of 
this  moraine,  whose  short,  prominent  west-to-east  ridges  it  crosses  in  secs- 
20  and  29,  Barsness.  A  beautiful  little  lake  is  seen  here  in  a  deep  hollow  of 
these  hills  below  the  road  at  its  west  side.  Upon  reaching  the  top  of  the 
moraine  by  these  roads,  one  unexpectedly  discovers  yet  higher  land  within 
a  few  miles  at  the  south  and  south-west,  where  the  north  part  of  Langhei 
consists  wholly  of  massive  swells  and  hilte,  SO  to  75  feet  above  the  enclosed 
depressions  and  lakelets.  This  is  the  highest  land  in  Pope  county,  being 
fully  100  feet  above  the  moraine,  or  1400  feet  above  sea.  The  view  from  it 
southward  and  westward  overlooks  a  gently  undulating,  but  in  the  distance 
apparently  level  tract,  300  to  3G0  feet  lower,  extending  to  the  horizon. 
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The  western  and  Boutbem  part  of  Chippewa  FallEgradualljbecomeHmore 
and  more  billy  aa  we  approacli  the  morainlc  aeries  at  the  south  and  west 
sides  of  this  township.  From  Pope  Summit,  a  quarter  of  a  mile  north  of 
the  village  and  about  125  feet  above  the  dam,  the  north-west  to  south-east 
range  of  the  terminal  moraine  is  seen  rising  to  about  equal  height  two  miles 
farther  south.  At  the  south-west  aide  of  Lake  Johanna  a  prominent  maas 
of  highland  rises  125  feet  or  so  alMTe  this  lake.  Its  south-west  margin,  in 
sec.  30,  deacenda  in  rough  and  broken  morainic  outlines,  forming  a  part  of 
this  series.  Here  and  in  its  farther  course  through  Kandiyohi  county,  its 
highest  points  are  about  1250  or  1300  feet  above  sea,  being  75  to  100  feet 
above  the  general  level.  In  the  north  part  of  Norway  Lake  and  south-west 
part  of  Colfax,  it  forms  a  roughly  hilly  belt  two  to  three  miles  wide.  It  is 
finely  seen  at  the  north  side  of  Norway  lake  and  Lake  Andrew,  where  It  ia 
called  the  "Blue  hilla,"  or  sometimes  a  "branch  of  the  Rocky  Mountains." 
Its  highest  knob,  called  Mount  Tom  (at  south-east  comer  of  sec.  35,  Colfax,} 
conunanda  a  fine  view.  The  material  of  this  hill  is  coarse  drift,  holding 
occasional  angular  boulders  up  to  four  feet  in  diameter  and  many  amaller 
fragments,  mixed  also  with  a  large  proportion  of  water-worn  gravel.  At 
one  point  40  rods  north-north- east,  boulders  up  to  six  feet  in  diameter 
are  very  abundant.  The  contour  here  ia  typically  morainic,  in  short  west- 
to-east  ridges  of  unequal  height,  very  steep,  especially  on  the  south  aide, 
with  correspondingly  irregular  hollows.  Eastward  this  moraine  forms 
prominent  hills  in  the  north-east  part  of  New  London  and  north  part  of 
Irving.  These  cover  an  area  about  three  miles  wide  north  of  Oreen  lake, 
above  which  they  rise  100  to  150  feel.  One  of  these  hills  in  the  south  part 
of  sec.  31,  Boseville,  is  called  "  Bugarloaf  Peak. "  At  the  south-east  comer 
of  Koaeville  this  moraine  ia  called  ''Cape  Bad  Luck."  The  road  here  climbs 
100  feet  over  a  profusion  of  knolls  and  hillocks  of  every  form,  with  no  pre- 
vailing trend,  26  to  60  feet  high  above  the  numerous  hollows,  which  often 
hold  little  marshes  or  lakelets. 

This  moraine  is  very  prominent  from  Blue  Mounds  to  Cape  Bad  Luck, 
along  a  south-east  and  east  course  of  40  miles.  Though  it  is  well  known 
that  generally  the  drift  was  transported  southward,  or  in  some  direction 
between  south-east  and  south-west,  it  seems  necessary  to  attribute  the  for- 
mation of  this  range  to  a  glacial  current  Sowing  north-east.  It  appears  to 
mark  the  north-saat  boundary  of  a  vast  lobe  of  the  ice-sheet,  which  extended 
from  the  Leaf  hills  to  northern  Iowa  and  bad  ita  west  side  at  the  Coteau. 
The  moraines  of  its  margin  were  pushed  forward  by  the  diverging  currents 
of  this  ice-lobe,  which  in  approaching  its  edge  were  everywhere  turned 
perpendicularly,  or  nearly  so,  towarda  ita  terminal  line.  The  evidences 
which  usually  show  in  what  direction  the  ice-currents  moved,  namely, 
strite,  and  the  parent  ledges  from  which  boulders  have  been  derived,  are 
wanting  here,  and  cannot  be  appealed  to  in  auppiort  of  this  opinion.  No 
exposures  of  the  underlying  rocks  have  been  found  in  all  this  region,  except- 
ing at  one  spot  seen  by  Owen  on  the  Bed  river,  a  little  above  Fergus  Falls, 
and  commonly  along  the  deeply  excavated  valley  of  the  Minnesota  river,  40 
miles  south-west.  The  position  of  this  valley  coincides  approximately  with 
the  axis  of  this  ice-lobe,  being  so  far  removed  from  each  of  its  sides  that 
theoretically  it  should  show  no  deviation  from  the  axial  current.  Its  striee, 
observed  at  numerous  places,  all  bear  nearly  south-east.    In  the  absence  of 
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these  usual  proofs,  tlie  re&souB  for  our  belief  are  the  contiauity  of  this  mo- 
raine  from  Ihe  Leaf  hills  to  the  Cot«au  by  a  great  iouthward  ]oop,  of  which 
the  range  of  drift-hills  in  Pope  and  Kandiyohi  counties  forms  a  part ;  the 
wide  nearly  level  area  of  glacial  drift,  which  is  enclosed  by  this  looped  hilly, 
lielt ;  the  occurrence  of  a  medial  moraine  on  the  south  side  of  the  terminal  in 
Eandiyobi  county ;  and  areas  of  modified  drift  north  of  tliis  terminal 
moraine,  sloping  away  from  it,  and  thus  showing  that  the  waters  discharged 
from  the  ice-sheet  flowed  in  this  direction. 

The  medial  moraine  alluded  to  extends  from  Mt.  Tom  four  miles  south- 
south-east  ;  it  then  bends  south- west  ward  in  sec.  30,  New  London,  and  is 
finely  seen  for  12  miles,  passing  along  the  north-west  side  of  Ringo,  Hevada 
and  other  lakes,  to  Ostlund's  hill  In  sec.  22,  Mamre.  Its  contour  is  typlcallj' 
uneven,  being  composed  of  a  mixed  variety  of  hillocks  and  short  ddges  with 
many  hollows.  Throughout  most  of  its  course  ils  elevation  is  only  50  to  7' 
feet  above  the  general  level.  Its  highest  points  are  the  two  Dovre  hills, 
about  12fi  feet  above  adjoining  lakes.  The  road  at  the  south~weet  comer  of 
sec.  16,  Dovre,  rans  between  these  hills,  which,  though  of  little  height,  are 
yet  prominent  as  compared  with  the  rest  of  this  district,  so  that  they  are 
conspicuously  seen  for  several  miles  around.  They  are  made  of  nearly  the 
same  kind  of  drift  as  Mt.  Tom,  but  have  more  numerous  rock -fragments, 
both  large  and  small.  Wherevera  prevailing  trend  Is  noticeable,  it  Is  parallel, 
or  nearly«o,  with  the  course  of  the  series,  as  has  been  also  noted  respecting 
the  terminal  moraine  at  several  places 

South-eastern  Pope  county  contains  several  areas  of  modilled  drift,  within 
two  or  three  miles  north  of  the  terminal  moraine,  which  appear  to  have 
1}een  deposited  by  floods  from  a  melting  and  retreating  ice-sheet.  One  of 
these  areas  of  stratified  gravel  and  sand  forma  an  elevated  plain  a  mile 
Across  at  the  south-east  side  of  Lake  Johanna.  It  is  bordered  on  all  sides  by 
land  50  to  80  feet  lower,  and  its  southern  portion  is  about  90  feet  above  the 
lake.  It  has  a  descending  alope  to  the  north,  amounting  to  ten  feet  in  its 
mile  of  extent.  Another  plateau  of  similar  material,  extent,  height,  and 
slope  of  ten  feet  per  mile  to  the  north,  occurs  on  the  west  side  of  Lake 
Johanna ;  and  a  little  farther  north,  in  sec.  S,  Lake  Johanna,  and  sec.  1, 
Gilchrist,  are  others  somewhat  lower,  also  sloping  northward.  These 
plateaus  of  modified  drift  have  steep  sides  and  nearly  or  quite  flat  tops.  The 
intervening  tracts  are  gently  undulating  lowland,  also. mostly  modified  drifti,  . 
«0  to  76  feet  below  these  high  plains.  The  origin  of  these  deposits  seems 
to  have  been  from  glaclalmelting,  which  waahedawaya  portion  of  the  drift 
material  that  was  held  in  the  ice-sheet,  and  spread  it  upon  these  areas  while 
they  were  still  bordered  on  the  east  and  west  by  ice-walls.  The  slope  proves 
that  these  waters  flowed  northward.  As  these  beds  lie  in  front  of  the  ter- 
minal moraine,  it  appears  that  they  are  of  slightly  earlier  formation,  or  tliat 
they  belong  to  some  time  In  this  epoch  when  the  ice-front  advanced  a  few 
miles  beyond  its  ordinary  limits. 

Another  noteworthy  area  of  modifled  drift  occurs  in  Roseville,  north  of 
Cape  Bad  Luck.  Here  the  terminal  moraine  is  bordered  at  its  north  side  for 
four  miles  by  a  flat  of  gravel  and  sand,  extending  from  two  to  three  miles 
wide  to  Crow  River,  in  which  distance  it  descends  about  40  feet.  This  de- 
posit was  probably  formed  by  floods,  which  were  poured  down  from  the  ice- 
sheet  at  the  same  time  that  its  terminal  moraine  was  being  accumulated. 
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At  lower  Btagesof  these  waters,  as  in  winter,  channels  were  cut  in  lilts  plwn 
one  of  these,  containing  a  narrow  lakelet,  occurs  close  east  of  the  schocT- 
bouse  in  sec.  22.  Similar,  but  more  extensive  plains  of  modified  drift  are 
marlted  features  in  the  topography  of  Long  Island,  Martha's  Vineyard, 
Nantucket  and  Cape  Cod,  where  they  lie  in  front  (which  is  there  south)  of 
terminarmoroinea,  sloping  away  from  them  and  crossed  by  old  water-conrses. 

The  continuation  of  the  moraine  beyond  Kandiyohi  comity  forms  a  wider 
belt  of  drUt-hiUs,  which  seldom  have  the  peculiarly  rough  and  broken  con- 
tour seen  farther  north- west.  It  runs  througli  Meeker,  Wright,  eastern  Car- 
ver and  south-western  Hennepin  counties.  On  the  opposite  side  of  Minne- 
sota river  it  bends  south,  including  the  north-west  comer  of  Dakota  county, 
the  east  half  of  Scott,  western  Rice  and  the  east  edge  of  Le  Sueur  county. 
These  hills  rise  40  to  100  feet,  rarely  more,  above  the  intervening  depresaiong, 
marshes  and  lakes.  They  are  massive,  with  moderately  steep  or  gentle 
slopes,  sometimes  being  nearly  a  mile  long  and  properly  called  swells 
because  of  their  smoothed  flowing  outlines.  It  is  also  to  be  noted  that  the 
boundary  of  these  morainic  accumulations  becomes  somewhat  indefinite ; 
there  is  a  gradual  change  from  the  slightly  undulating  areas  at  each  side  to 
rolling  land,  and  then  to  hills ;  and  these,  usually  with  no  prevailing  trend, 
are  scattered  more  or  less  thickly  upon  a  belt  5  to  IS  or  even  25  miles  wide. 
This  hilly  tract  extends  through  the  north  edge  of  Meeker  county,  by  the 
sonth  side  of  Koronis  or  Cedar  lake,  through  the  north  part  of  Maaannah, 
and  eastward  includes  nearly  all  of  Forest  Prairie  township,  Forest  City, 
except  its  south-west  portion,  and  Kingston.  Farther  south,  much  of  this 
county  is  specially  hilly  and  must  be  reckoned  as  part  of  this  morainic  belt. 
Of  this  character  are  Dassel  and  the  wooded  eastern  portion  of  Darwin, 
Collinwood  in  less  degree,  Ellsworth  in  its  north  and  west  portions.  Green- 
leaf,'the  north-east  part  of  Cedar  Mills,  northern  Danielson,  south-western 
Litchfield  and  most  of  Acton.  Hills  also  occur  one  mile  north  of  Litchfield, 
and  five  to  eight  miles  north-west  in  the  wooded  portion  of  Harvey.  The 
same  hilly  land  reaches  also  north-westward,  lying  at  the  south  side  of  the 
typical  moraine,  and  occupying  through  Kandiyohi  and  north-eastern  Swift 
counties  a  width  that  decreases  from  20  to  about  S  miles.  The  Langhei 
hills,  south  of  Blue  Mounds,  are  the  west  end  of  this  tract.  These  too  are 
its  only  portion  that  rises  into  greater  prominence  than  the  terminal  moraine. 
Elsewhere  these  hills  are  only  40  to  60,  or  occasionally,  as  about  Swift  Falls, 
75  to  12S  feet  high.  At  their  south-west  side  the  land  becomes  gently 
undulating  or  sometimes  flat,  as  in  Lake  Lillian  and  Cosmos,  forming  the 
marffin  of  the  monotonous  expanse  of  nearly  level  unmodified  glacial  drift, 
which  reaches  thence  7S  miles  to  the  hilly  Coteau. 

In  Wright  county  it  is  the  shorter  task  to  enumerate  the  distrtots  which 
are  comparatively  level.  Such  are  the  east  portions  of  South  Side  and 
French  lake  J  south-western  Corinna;  Gearwater  prairie,  three  miles  long  ; 
Sanborn's  or  Moody's  prairie  and  adjacent  portions  of  Silver  Creek  town- 
ship ;  and  Monticello  and  West  prairies,  together  six  miles  long  and  two  to 
three  miles  wide.  These  areas,  like  the  level  tract,  nine  miles  wide,  which 
includes  the  greater  part  of  Darwin  and  Litchfield  in  Meeker  county,  consist 
of  modified  drift,  or  beds  of  gravel,  sand,  and  clay,  gathered  from  the  ice- 
sheet  and  deposited  by  the  waters  of  its  melting.  In  southern  Wright 
county,  the  vicinity  of  Waverly,  Howard  Lake  and  Smith  Lake,  and  most  of 
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the  townships  south  of  the  railroad,  excepting  FrankliD  In  which  Dekno  is 
aitualed.  consist  of  nearly  level  or  gently  undulating  areas  of  nomodifled 
drift.  The  swells  and  hilla  of  this  county  are  mostly  40  to  75  feet  high. 
In  its  south-east  portion  they  rise  100  to  12S  feet  above  Crow  river-  Among 
these  hills  are  numerous  laltes,  which  He  in  gently  sloping  hollows,  seldom 
having  steep  shores.  The  most  rough  and  typically  morainic  area  observed 
is  in  the  south-east  part  of  Silver  Creek  township,  where  from  Silver  lake  to 
Lake  Ida  the  contour  is  a  multidude  of  small  hillocks  and  ridges  of  unmod- 
ified drift,  30  to  50  feet  above  the  hollows,  with  no  parallelism  or  prevailing 
trend.  Thence  a  somewhat  similar  formation  continues  five  miles  north  to 
the  river-road.  Especially  prominent  hills,  two  miles  south  of  Clearwater, 
and  two  miles  south-east  of  Honticeilo,  also  deserve  mention.  These  hills 
in  Heeker  and  Wright  counties  vary  in  height,  descending  eastward  with 
the  general  slope  of  the  country,  from  122S  to  1000  feet  above  sea. 

Hennepin  county  Is  crossed  by  this  belt  of  hills  in  its  west  and  south-west 
portions,  and  they  are  finely  exhibited  about  Minnetonka  lake  (922  feet  in 
altitude,}  almve  which  they  rise  50  to  100  feet.  In  Carver  county  the  town- 
ships of  Clianhassen  and  Laketown,  the  north-west  part  of  Chaska,  and 
northern  Dahlgren,  are  a  portion  of  tlie  same  belt  of  massive  hills,  with  no 
uniformity  of  trends,  elevated  40  to  76  feet  above  the  hollows.  A  rolling 
surface, 'with  swells  half  as  high  as  the  foregoing,  continues  west  to  Young 
America.  The  remainder  of  Carver  county,  excepting  its  border  along  the 
Uinnesota  river,  is  gently  undulating  or  nearly  level.  All  these  areas  are 
unmodified  drift. 

In  Eden  Prairie  and  Bloomington  the  moraine  extends  along  the  north 
side  of  Minnesota  river,  to  within  about  eight  miles  south-west  of  Fort 
Snelling.  The  river-bluff  here  is  140  feet  high,  and  at  a  mile  or  two  north- 
ward these  morainic  hills  rise  100  feet  higher,  their  tops  being  9S0  feet 
approximately  above  sea.  South-east  of  the  Minnesota  river  drift-hills, 
some  of  which  attain  equal  or  g^reater  height,  occupy  Bumaville,  excepting 
the  river  valley,  and  the  west  part  of  Lakeville,  in  the  north-west  edge  of 
Dakota  county.  They  also  cover  eastern  Scott  county  to  a  meridian  line 
drawn  through  Hhakopee.  Here  these  swells  and  hills  generally  rise  30  to 
60  feet  above  the  hollows,  and  in  some  districts  75  to  100  feet.  They  are 
most  numerous  and  prominent  along  a  south- south- west  course  from  Bums- 
ville  to  the  south  part  of  Cedar  Lake  township.  Farther  west  in  8cott 
county,  the  contour  is  moderately  undulating  in  swells  10  to  30  feet  high. 

The  western  part  of  Bice  county,  notably  its  west  range  of  townships, 
consists  mainly  of  these  terminal  drift-  deposits,  often  roughly  hilly.  In  Le 
Bueur  coimty  they  give  a  rolling  contour  to  the  east  side  of  Lanesburg,  to 
Montgomery  and  Kilkenny,  and  in  less  degree  to  Lexington,  Cordova,  and 
Elyslan ;  while  in  Waterville,  at  the  south-east  comer  of  this  county,  they 
form  hills  60  to  12S  feet  high  south  of  lakes  Tetonka  and  Sakata.  This  was 
the  south-eastern  limit  of  my  exploration.  The  continuance  of  this  moraine 
to  the  Coteau  de  Missouri  has  been  already  stated.  As  part  of  the  Beld- 
work  of  next  year,  we  hope  to  make  a  thorough  examination  of  that  region ; 
and  also  of  that  lying  eastward  from  the  Leaf  hills  and  thence  south  to  the 
hills  of  Manomin,  in  wUch  distance  there  seem  to  be  reasons  for  believing 
that  another  terminal  moraine,  contemporaneous  and  continuous  with  the 
Leaf  hills,  will  be  found,  marking  the  south-west  limit  of  a  lobe  of  the  ice- 


byGoO'^lc 


8TATZ   SEOLOOIST.  83 

sheet  tbat  pushed  outward  from  L&lce  Superior  and  ita  bordering  high  lands. 
A  map  of  this  formation  will  be  presented  In  our  final  report, 

Siver  Sst/etns.  The  drainage  of  the  portion  of  Minnesota  here  described 
b  not  much  influenced  bj'  the  presence  of  this  moraine.  lis  accumulations 
rise  to  great  prominence  onlj  in  the  Leaf  hills.  Generally  thej  arc  not  more 
than  100  feet  high,  and  are  separated  by  frequent  hollows,  wblcti  allow  a 
free  passage  to  streams.  In  comparison  with  the  wider  areas  of  gently 
undulating  land,  this  hilly  belt  is  narrow  ;  and  its  highest  elevations  are 
small  in  comparison  with  the  greater  changes  of  altitude  which  come  in 
gradually  and  almost  imperceptibly  in  traveling  100  or  200  miles,  such  as 
that  which  makes  Douglas,  Otter  Tall,  and  Becker  counties  SOO  to  700  feet 
above  Minneapolis  and  Saint  Paul.  The  course  of  the  moraine  coincides 
nearly  with  the  watershed  dividing  the  basin  of  the  upper  Hississippi  from 
that  of  the  Minnesota  river;  but  this  height  of  land  and  consequent  division 
of  drainage  are  probably  due  to  the  height  of  the  underlying  rocks  rather 
tlian  to  the  thickness  of  drift  there. 

The  principal  tributaries  to  the  Mississippi  river,  flowing  partly  or  mainly 
from  this  area,  are  the  Crow  Wing  river,  whose  branches,  Bhell,  Leaf,  and 
Long  Prairie  rivers,  drain  the  east  portion  of  Becker,  Otter  Tail,  and  Doug- 
las counties;  the  Sauk  river,  which  has  its  headwaters  in  Osakis  lake,  and 
in  the  north-east  comer  of  Pope  county ;  the  Clearwater  river,  draining 
north  eastern  Meeker  and  north-western  Wright  counties ;  and  the  Crow 
river,  which  has  its  waters  from  the  east  edge  of  Pope,  eastern  Kandiyohi, 
north-eastern  Renville,  Meeker,  Wright,  McLeod,  and  northwestern  Carver 
counties.  The  farthest  source  of  the  Crow  river,  m  Grove  Lake,  Pope 
county,  is  90  miles  from  its  mouth,  in  a  direct  line. 

Winnipeg  lake  and  Hudson  bay  receive  the  drainage  from  the  north-w(."it 
part  of  our  area,  by  the  Red  River  of  the  North,  which  this  report,  follow- 
ing the  example  of  Owen,  calls  by  this  name  from  the  mouth  of  Oiler  Tail 
lake.  This  is  42  miles  east  of  Its  Junction  with  the  Bois  des  Sioux  river  at 
Breckenridge,  where  the  Red  river  turns  its  course  ninety  degreesi  thence 
flowing  north.  The  Bob  des  Siouz,  a  much  smaller  stream,  having  its 
source  in  Lake  Traverse,  is  the  continuation  of  the  nearly  straight  coiirso  of 
the  Bed  river  below  this  Junction.  The  name  Otter  Tail  river  is  restricted 
to  the  stream  which  flows  to  the  south  90  miles  from  the  north  side  of 
Becker  county,  passing  through  Elbow,  Many  Point,  Height  of  Land,  PLne, 
and  Rush  lakes,  besides  others  of  less  size,  and  emptying  into  Otter  Tail 
lake. .  The  principal  tributaries  of  the  Red  river  from  this  area  are  the  Wild 
Rice  river,  one  of  whose  sources  is  White  Earth  lake,  while  its  south  branch 
drains  north-western  Becker  and  north-eastern  Clay  counties;  the  Buffalo 
river,  which  drains  the  rest  of  Clay  county,  and  has  Its  farthest  sources  near 
the  center  of  Becker  and  In  north-eastern  Wilkin  county,  and  the  Pelican 
river,  which  Joins  the  Red  river  from  the  north  22  miles  east  of  Breck- 
enridge.  The  last,  45  miles  long  in  straight  line,  receives  the  waters  of 
many  lakes,  of  which  the  largest  are  Detroit,  Cormorant,  Pelican,  Lizzie, 
and  Lida.  At  Fergus  Falls  the  Red  river  has  a  descent  of  about  t^S  feel, 
affording  very  valuable  water-power.  The  Babbit  river  is  a  small  tributary 
to  the  Bois  des  Sioux  in  southern  Wilkin  county ;  and  the  Mustinka  river, 
draining  western  Grant,  north-western  Stevens,  and  most  of  Traverse 
county,  enters  Traverse  lake  eight  miles  from  its  outlet. 
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The  Minnesota  river  receives  only  two  large  tributaries  from  its  north 
side,  namely,  tbe  Pomme  de  Tcrre  and  Chippewa  rivers.  The  farthest 
souTcea  of  the  former  are  lakes  In  Tordensh  jold  and  Dane  Prairie,  Otter  Tail 
county.  Its  couite  is  south  75  miles,  joining  the  Hinnesota  river  20  miles 
below  Big  Stone  Lake.  The  Chippewa  river,  nearly  parallel  with  this  and 
lying  5  to  IG  miles  farther  east,  drains  western  Douglas,  nearly  all  of  Pope, 
the  eastern  two-thirds  of  Swift,  and  the  west  half  of  Chippewa  county.  The 
other  branches  of  the  Minnesota  river  within  this  area  are  small,  none  of 
them  exceeding  3D  miles  in  length,  as  Hawk  creek,  21  miles  below  the  Chip- 
pewa ;  Beaver  creek,  again  21  miles  south-east  from  the  last ;  Rush  river, 
in  southern  Bibtey  county;  Carver  creek,  at  Carver;  and,  on  the  opposite 
side  of  the  Minnesota,  Le  Sueur  and  Sand  creeks,  and  Credit  river,  in  Le 
Sueur  and  Scott  counties. 

The  watersheds  are  mostly  portions  of  wide  gently  undulating  areas, 
interspersed  with  frequent  lakes  and  sloughs,  and  have  nothing  except  their 
slightly  greater  elevations  to  distinguish  them  from  the  basins  which  they 
divide.  The  erosion  of  the  drift-sheet  by  drainage  has  been  small  in  the 
north  and  north-east  portions  of  this  region,  where  the  valleys,  as  of  Pelican 
river,  the  upper  part  of  the  Red  river,  and  the  Crow  river,  are  not  generally 
bordered  by  bluffs  Ijetween  which  the  streams  have  excavated  a  passage,  or 
by  bottom-lands  that  have  become  filled  with  their  sediment.  Instead  they 
meander  among  the  hills  and  swells  of  the  drift,  often  flowing  through 
lakes,  and  only  having  occasional  bluffs  and  alluvial  lands  along  the  lower 
part  of  their  course. 

JAike  Agamit.  The  lacustrine  ba^in  of  the  Red  River  valley,  and  the  deeply 
excavated  channel  which  holds  Traverse  and  Big  Stone  lakes  and  the  Min- 
nesota river,  present  quite  different  and  more  interesting  features,  produced 
by  the  obstruction  of  drainage  in  its  present  course,  while  the  ice-sheet, 
subdued  by  a  more  temperate  climate,  was  yielding  its  ground  between 
north-western  Minnesota  and  Hudson  bay.  During  this  retreat  of  ttie  ice, 
great  quantities  of  water  were  supplied  by  its  melting,  loaded,  as  the 
modified  drift  shows,  with  a  large  amount  of  gravel,  sand  and  clay.  Wher- 
ever there  was  free  drainage  away  from  the  ice-front,  these  materials  were 
deposited  in  the  valleys  along  which  these  floods  descended  toward  the 
ocean  The  high  water  of  the  rivers,  like  that  which  now  occurs  for  a  few 
days  in  the  freshets  of  spring,  was  thus  maintained  through  the  entire  sum- 
mer ;  and  this  was  repeated  yearly  till  the  glacial  sheot  had  retreated  beyond 
their  tines  of  watershed.  The  abundant  supply  of  sediment  through  this 
time  gradually  lifted  these  floods  upon  the  surface  of  thick  and  wide  plains, 
sloping  with  the  valleys.  After  the  departure  of  the  ice,  the  supply  of  both 
water  and  sediment  was  so  diminished  that  the  streams  could  no  longer 
overspread  these  flood-plains  and  add  to  their  depth,  but  were  henceforth 
occupied  mainly  in  slow  excavation  and  removal  of  these  deposits,  leaving 
remnants  of  them  as  pUins  or  terraces,  often  100  to  200  feet,  or  more,  above 
their  present  channel.  The  I^oeas  bluffs  bordering  the  linssouri  river  are  of 
this  origin.  We  have  now  to  consider  an  area  where  such  free  drainage 
could  not  take  place,  because  the  descent  of  the  land  is  northward,  in  the 
same  direction  with  the  retreat  of  the  ice-sheet.  As  soon  as  this  receded 
beyond  the  watershed  dividing  the  basin  of  the  Minnesota  from  that  of  the 
Red  river,  it  is  evident  that  a  lake,  fed  by  the  glacial  melting,  stood  at  the 
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foot  of  the  ice-flelda,  and  extended  northward  as  thej'  withdrew  along  the 
valley  of  the  Red  river  to  Lake  Winnipeg,  filling  this  ralley  and  its  branches 
to  the  height  of  the  lowest  point  over  which  an  outlet  could  be  found. 
Until  the  ice-barrier  was  melted  upon  the  area  now  crossed  bj  the  NeUoa 
river,  thereby  draining  this  glacial  lake,  its  outlet  was  along  the  present 
coarse  of  the  Minnesota  river.  At  first  its  overSow  was  upon  the  nearly 
level  undulating  surface  of  the  drift,  1100  to  112fi  feet  above  sea,  at  the  west 
side  of  Traverse  and  Big  Stone  counties ;  but  in  process  of  time  this  cut  a 
channel  here  100  to  150  feet  deep,  the  highest  point  of  which  Is  almost 
exactly  1000  feet  above  sea.*  From  this  outlet  the  Red  River  valley,  30  to 
50  miles  wide,  stretches  31S  miles  north  to  Lake  Winnipeg,  which  is  710  feet 
above  sea.  Along  this  entire  distance  there  is  a  very  uniform  continuous 
descent  of  a  little  leas  than  one  foot  per  mile.  The  drift  contained  in  the 
ice-she^t  upon  this  area,  and  the  silt  gathered  by  glacial  rivers  frum  each 
side,  were  here  deposited  in  a  lake,  shallow  near  its  mouth,  but  becoming 
.gradually  deeper  northward.  At  the  north  line  of  the  United  States,  its 
depth  was  200  feet,  and  at  Lake  Winnipeg  300  feet.  Beyond  our  national 
boundarj',  this  lake  covered  a  larger  area,  varying  from  100  to  200  mites  In 
breadth  at  and  west  of  Lake  Winnipeg ;  and  its  total  length  appears  to  have 
been  at  least  600  miles.  Because  of  its  relation  to  the  retreating  continental 
ice-sheet,  it  is  proposed  to  call  this  Lake  Aga**a,  in  memory  of  the  first  prom- 
inent advocate  of  the  theory  that  the  drift  was  produced  by  land- ice. 

The  basin  of  Lake  Agassiz,  now  drained  in  its  southern  portion  by  the  Red 
river,  has  an  exceedingly  Sat  surface,  sloping  imperceptibly  northward,  as 
also  from  each  side  to  its  central  line.  The  Red  river  has  its  course  in  this 
aidal  depression,  where  it  has  cut  a  channel  20  to  SO  feet  deep.  It  is  bor- 
dered by  only  few  and  narrow  areas  of  bottom-land,  instead  of  which  its 
banks  usually  rise  steeply  on  one  side  and  by  moderate  slopes  on  the  other, 
to  the  lacustrine  plain  which  thence  reaches  nearly  level  10  to  2S  miles  from 
the  river.  Its  tributaries  cross  the  plain  in  similar  channels,  which,  as  also 
the  Red  river,  have  occasional  gullies  connected  with  them,  dry  through 
most  of  the  year,  varying  from  a  few  hundred  feet  to  a  mile  or  more  in 
length.  Between  the  drainage  lines,  areas  often  G  to  15  miles  wide  remain 
unmarked  by  any  water- courses.  The  highest  portions  of  these  tracts  are 
commonly  from  2  to  5  feet  above  the  lowest.  The  material  of  the  greater 
part  of  this  ancient  lake-bed  is  tine  clayey  silt,  horizontally  stratified  ;  but 
fit  its  south  end,  in  Traverse  county  and  the  south  half  of  Wilkin  county.  It 
Is  mostly  unstratifled  boulder-clay,  which  differs  from  the  rolling  or  undu- 
lating nnmodifled  drift  of  the  adjoining  region  only  in  having  its  surface 
nearly  flat.  Both  these  formations  are  almost  impervious  to  water,  wliich 
therefore  in  the  rainy  season  fills  their  shallow  depressions,  but  none  of  these 
Are  BO  deep  as  to  form  permanent  lakes.  £ren  sloughs  which  continue 
marshy  through  the  summer  are  infrequent,  but,  where  they  do  occur  cover 
large  areas,  usually  several  miles  in  extent.  In  crossing  the  vast  plain  of 
tikis  valley  on  clear  days,  the  higher  land  at  its  sides,  and  the  groves  along 

*The  helghl  of  Lake  Tr&verM,  sccordtng  lo  letellsg  by  Uulled  SlBlea  engine«rB.  In  con- 
nrrtlon  with  Orn.  tVsrrcn'a  miity  o1  Ibe  MlnneioU  rlTer,  [•  lOOD  f«I.  ThiH  Is  8  feet  above 
Big  Stone  Uke,  trom  which  it  li  tepunted  at  the  lowwt  place  by  otilj  > (light  ualenihed, 
perhapi  Bn  teol  above  Lake  Trsvene.  Lake  Winnipeg,  b^  the  ntney  ot  the  Canadian 
FaclDc  lalliTBy,  li  TIO  reet  above  wa. 
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its  rivers  are  flrst  geeo  in  the  distance  as  if  their  upper  edges  were  raised  s 
lilile  above  tlie  liorizon,  with  a  very  narrow  strip  of  sky  below.  The  first 
appearance  of  the  tree-tops  thus  somewhat  resembles  that  of  dense  flocks  of 
biids  flying  Tery  iow  several  miles  away.  By  rising  a  few  feet,  as  from  the 
ground  to  a  wagon,  or  by  nearer  approach,  the  outlines  become  clearly 
defined  as  a  grove,  with  a  mere  line  of  sky  beneath  it.  Besides  this  mirage, 
the  traveller  is  also  reminded,  in  the  same  manner  as  at  sea,  that  the  cartb 
is  round.  The  surface  of  the  plain  is  seen  only  for  a  distance  of  three  or 
four  miles ;  houses  and  grain-stacks  have  their  tops  visible  first,  after  which, 
in  approaching,  they  gradually  come  into  full  view ;  and  the  highlands,  10 
or  15  miles  away,  forming  the  side  of  the  valley,  apparently  lie  beyond  a 
wide  depression,  like  a  distant  high  coast. 

In  Clay  county  the  east  side  of  Lake  Agassiz  coincided  nearlywith  the  line- 
betweeo  ranges  45  and  46.  From  the  north  line  of  the  county  to  the  North- 
em  Pacific  railroad,  the  land  rises  about  300  feet  in  going  a  few  miles  east- 
ward, and  thence  stretches  away  25  miles,  everywhere  slightly  undulaiingr 
but  with  little  change  in  its  general  height.  In  southern  Clay  county  and 
at  the  east  side  of  Wilkin  county,  the  east  shore  of  this  glacial  lake  ran  a 
few  degrees  east  of  south,  to  where  it  crosses  the  line  of  Otter  Tail  county, 
10  miles  west  of  Fergus  Falls.  Beyond  this  It  has  a  south-east  course  about 
six  miles  to  the  Red  river.  At  its  east  side  along  this  distance,  the  glacial 
drift  is  rolling  and  hilly,  as  already  described  in  connection  with  the  moraine, 
which  in  south-western  Otter  Tail  county  is  only  B  to  10  miles  east  of  this 
basin.  From  the  Red  river  the  lake  shore  ran  southward  through  Western 
township ;  thence  in  Grant  connty  it  appears  to  curve  to  the  south-east, 
south  and  south-west.  It  crosses  the  railroad  about  a  mile  north-west  of 
Herman,  and  its  further  course  is  by  a  curve  south-west,  west,  and  north- 
west, passing  through  the  south-east  part  of  Traverse  county,  and  coming 
to  Lake  Traverse  at  its  bluffs  on  the  south  side  of  the  Huatioka  river.  Red 
and  Bois  des  Sioux  rivers  He  15  to  20  miles  west  of  this  shore-line. 

StaeAet  arid  ddtat,  as  well  as  the  change  from  a  smoothed  to  an  undulating 
surface,  mark  the  border  of  this  lacustrine  area.  At  and  west  of  Huskoda, 
the  Northern  Pacific  railroad  cuts  through  a  thick  and  extensive  deposit  of 
sand,  with  beds  of  gravel  and  clay  in  some  portions,  constituting  a  plain 
one  and  a  half  miles  wide.  This  extends  two  or  three  miles  to  the  north, 
and  is  also  represented  by  similar  accumulations  south  of  the  Buffalo  river, 
which  here  enters  the  area  formerly  covered  by  Lake  Agassiz.  These  beds 
have  their  surface  10T5  to  liOO  feet  alioye  sea,  tieing  100  feet  below  the 
adjoining  uplands  on  the  east,  and  150  feet  above  the  lacustrine  plain,  which 
begins  two  miles  farther  west  and  extends  15  miles  to  the  Red  river.  Tbey 
appear  to  be  the  delta  brought  down  by  the  Buffalo  river  and  spread  in  the 
side  of  the  lake  at  its  mouth.  Since  the  drainage  of  the  lake  the  river  has 
excavated  a  large  gap  through  this  deposit.  A  sixth  of  a  mile  east  of  SIus- 
koda  station,  at  the  east  edge  of  the  delta-plain,  is  a  ridge  of  interbedded 
gravel  and  sand,  26  rods  wide  and  10  feet  high,  with  its  top  about  1110  feet 
above  sea.  A  fine  section  is  exposed  by  its  excavation  for  railroad  ballast, 
showing  the  stratification  to  be  mainly  level,  but  inclined  at  the  sides  par- 
allel with  the  gently  sloping  surface.  This  beach  ridge  or  bar  extends  about 
a  half  mile  from  north  to  south.  It  Is  separated  from  the  higher  land  cast- 
ward  by  a  depression  about  10  feet  deep  and  a  quarter  of  a  mile  wide.    Mar- 
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ginftl  deposits  of  cAnsiderable  extent,  like  the  plata  of  Muskoda,  are  only 
found  where  some  stream  entered  the  lake ;  but  beach  ridges,  similar  to  the 
foregoing,  were  noted  at  sereral  places  ia  crossing  the  shore-tine  of  this 
lake,  and,  when  attention  is  given  to  tracing  them,  will  probably  be  found 
continuous  through  long  distances.  Such  a  ridge  crosses  the  north  line  of 
Wilkin  county  near  the  north-west  comer  of  sec.  4,  t.  136,  r.  iH,  extending 
at  least  one  and  a  half  miles  from  north  to  south.  It  was  again  crossed  near 
the  south-east  comer  of  sec.  21,  Western,  where  the  road  from  Fergus  Falls 
to  Campbell  turns  from  a  south-west  to  a  more  nearly  west  course.  Here 
the  ascent  from  its  east  side  ia  10  feet,  and  the  descent  at  the  west  about  20. 
The  width  of  the  ridge,  including  its  slopes,  is  20  or  29  rods.  About  a  mile 
farther  west  the  road  crosses  a  second  ridge  of  half  this  size,  about  20  feet 
below  the  first.  One  and  a  half  miles  north-west  from  Herman  is  a  beach- 
ridge  15  feet  above  the  lacustrine  plain  at  its  north-west  side.  The  depres- 
sion south-east  of  it  is  6  or  T  feet  deep  and  30  rods  wide,  and  from  this  there 
is  an  ascent  of  about  IS  feet  to  the  plain  of  Herman,  which  was  therefore 
above  the  level  of  the  iako  when  this  beach  was  formed.  Three  miles  far- 
ther north-west  (at  the  lS3rd  mile-post  of  the  railroad]  is  a  smaller  beach- 
ridge.  The  top  of  this  is  about  103G,  and  of  that  near  Herman  about  1055 
feet  above  sea.  All  these  beaches  consist  of  sand  and  water- worn  gravel; 
and  in  Western  and  Herman  it  is  noteworthy  that  all  the  adjoining  areas  are 
boulder  clay.  It  ia  expected  that  a  full  exploration  of  these  shore-lines  will 
be  made  before  the  completion  of  this  survey,  so  that  the  final  report  shall 
contain  a  map  of  this  lake,  so  far  as  it  lay  nithin  the  limits  of  Minnesota. 

The  Outiet  of  Lake  Agaata.  The  excavation  of  the  remarkable  valley  occu- 
pied  by  theHinnesota  river  wag  first  explained  in  lti6S  by  Gen.  G.  E.  Warren, 
who  attributed  it  to  the  outflow  from  this  ancient  lake  that  filled  the  basin 
of  Red  river  and  Lake  Winnipeg.  This  valley  or  channel  begins  at  the 
northern  part  of  Lake  Traverse,  and  first  extends  south-west  to  the  head  of 
this  lake,  thence  south-east  to  Mankato,  and  next  north  and  north-east  to 
the  Mississippi  at  Fort  Sneiling,  its  length  being  about  250  miles.  Its  width 
varies  from  one  to  four  miles,  and  its  depth  ia  from  100  to  225  feet.  The 
country  through  which  it  lies,  as  far  as  to  Carver,  about  25  miles  above  its 
junction  with  the  Mississippi,  is  a  nearly  level  expanse  of  till,  only  moder- 
ately undulating,  with  no  prominent  hills  or  notable  depressions,  excepting 
this  deep  cliannel  and  those  formed  by  its  tributary  streams.  Below  Carver 
it  intersects  the  hilly  mortunlc  belt  which  has  I>een  already  described.  Its 
entire  course  is  through  a  region  of  unmodified  drift,  which  has  no  exposures 
of  solid  rock  at  its  surface  within  long  distances  upon  each  side.  Probably 
no  other  channel  of  equal  extent  and  depth  has  been  eroded  in  till  upon 
either  this  or  the  old  continent. 

Bluffs  in  slopes  from  20°  to  40°,  and  rising  100  to  ZOO  feet  to  the  general 
level  of  the  country,  form  the  sides  of  this  trough-like  valley.  They  have 
been  produced  by  the  washing  away  of  their  base,  leaving  the  upper  portion 
to  fall  down  and  thus  take  its  steep  slopes.  The  river  in  deepening  its 
channel.hss  been  constantly  changing  its  course,  so  that  its  current  has  been 
turned  alternately  against  the  opposite  sides  of  Its  valley,  at  some  time 
undermining  every  portion  of  them.  In  a  few  places  this  process  ia  still 
going  forward,  but  mainly  the  course  of  theUinnesotariverisin  the  bottom- 
land, which  descends  in  gentle  or  often  broken  slopes  10  to  40  or  50  feet 
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within  one  fourth  to  one  half  mile  from  the  foot  of  the  bluffs ;  then  becoming 
the  present  flood-plain,  one  eighth  to  one  half  mile,  or  rarely  one  mile  or 
more,  in  width,  with  its  height  5  or  10  feet  above  ordinary  low  water.  Com- 
paratively little  excavation  has  been  done  by  the  present  river.  As  we 
approach  its  source,  it  dwindles  to  a  small  stream,  flowing  through  long 
lakes,  and  we  finally  pass  to  Lake  Traverse,  which  empties  northward ;  yet 
along  the  upper  HinneaoCa  and  at  the  divide  between  this  and  Red  river, 
(his  valley  or  channel  and  its  encloaing  bluffs  are  as  remarkable  as  along  the 
lower  part  of  Minnesota  river.  It  is  thos  clearly  shown  to  have  been  the 
outlet  of  Lake  Agassiz,  excavated  while  the  melting  ice-sheet  supplied,  eitra- 
ordinary  floods,  much  greater  in  volume  tlian  the  combined  waters  of  the 
Slinnesota  and  Netsou  rivers  at  the  present  time. 

This  valley  in  many  places  cuts  through  the  sheet  of  drift,  and  reaches  the 
underlying  rocks,  which  have  frequent  exposures  along  its  entire  course 
below  Big  Stone  lake.  Their  contour  is  much  more  uneven  than  that  of  the 
drift.  In  the  100  miles  from  Big  Stone  lake  to  Fort  Ridgely  the  strata  are 
raetamorphic  gneisses  and  granites,  which  often  flit  the  entire  vallev,  one  to 
two  miles  wide,  rising  In  a  profusion  of  knolls  and  hills,  SO  to  100  foet  above 
the  river.  The  depth  eroded  has  been  limited  here  by  the  presence  of  these 
rocks,  among  which  the  river  flows  in  a  winding  course,  crossing  them  at 
many  places  in  rapids  or  falls.  From  New  Ulm  to  its  mouth  the  river  is  at 
many  places  bordered  by  Ci«taceoua  and  Lower  Silurian  rocks,  which  are 
nearly  level  in  stratiflcation.  These  vaiy  in  height  from  a  few  feet  to  50  or 
rarely  75  or  lOJ  feet  above  the  river.  From  Mankato  to  Ottawa  the  river 
occupies  a  valley  cut  in  Shakopec  liraeatone  underlain  by  Jordan  sandstone, 
which  form  frequent  bluSs  upon  both  sides,  50  to  75  feet  high.  After  exca- 
vating the  overlying  125  to  150  feet  of  till,  the  river  hero  found  a  former 
valley,  eroded  by  pre-giacial  streams.  Its  bordering  walla  of  rock,  varying 
from  one  fourth  mile  to  at  least  two  miles  apart,  are  in  many  portions  of 
this  distance  concealed  by  drift,  which  alone  forms  one  or  both  sides  of 
the  valley.  The  next  point  at  which  the  river  is  seen  to  be  enclosed  by  rock- 
walls,  ia  in  its  last  two  mites,  where  it  flows  between  bluBs  of  Trenton  lime- 
stone underlain  by  St.  Peter  sandstone,  100  feet  high,  and  about  a  mile 
apart.  This  also  is  a  pre-glacial  channel,  its  farther  continuation  being 
occupied  by  the  Mississippi  river.  The  only  erosion  effected  by  the  Sfinne- 
aota  river  here  since  the  glacial  period  has  been  to  clear  away  a  part  of  the 
drift  with  which  the  valley  was  then  fllled.  Ita  depth  at  some  earlier  time 
was  much  greater  than  now,  as  shown  by  the  salt-well  on  the  bottom-land 
of  the  Minnesota  river  at  Belle  Plaine,  where  202  feet  of  stratifled  gravel, 
sand  and  clay  were  penetratad  before  reaching  the  rock.  The  bottom  of  the 
pre-glacial  channel  there  is  thus  at  least  175  feet  lower  than  the  mouth  of 
the  Minnesota  river.  The  excavation  of  the  drift  down  to  the  old  rocks  by 
the  outflow  from  Lake  Agaaalz,  enables  us  to  estimate  approximately  the 
depth  of  the  general  drift-sheet  upon  this  part  of  Minnesota.  It  probabi}' 
averages  about  150  feet. 

Heighta  of  the  bluffs,  which  form  the  sides  of  this  valley,  composed  of 
till  enclosing  layers  of  gravel  and  sand  in  some  places,  and  frequently  liaving 
rock  at  their  base,  are  as  follows,  stated  in  feet  above  the  lakes  and  river; 
along  the  south  part  of  Lake  Traverse,  100  to  125  ;  at  Brown's  Valley  and 
along  Big  Stone  lake,  mainly  about  12S,  the  highest  portions  reaching  ISO ; 


byGoO'^lc 


STATE  6E0L0GIBT.  89 

atOrtoDville,  ISO;  at  Lse  qui  Parle  and  Montevideo,  100 ;  at  Granite  Falls, 
150 :  at  Minnegota  Falls,  lUS ;  thence  to  Redwood  Falls,  Fort  Ridgely  and 
New  Ulm,  1S5  to  ISO  ;  at  Mankato  200  to  225  ;  at  St.  Peter  and  Ottawa,  220 
to  230 ;  at  LeSueur  and  Henderton,  210  to  22fi  i  at  Belle  Plaine  and  Jordan, 
about  230 ;  and  at  Sliakopee  210  to  220.  The  moralnic  LUIb  through  whicti 
this  valley  extends  below  Shakopee  are  223  to  2SD-feet  in  height.  The  ele- 
vation of  Minnesota  river  above  the  sea  is  given  on  a  following  page.  The 
expanse  of  tilt  through  which  this  channel  is  eroded  slopes  from  112£  feet 
above  sea  at  Big  Stone  lake  to  9TB  at  Uankato,  in  140  miles :  and  thence  it 
descends  to  02S  at  Shakopee,  in  50  miles.  This  channel,  as  far  as  to  Man- 
kato,  lies  neatly  midway  between  the  terminal  moraine  prevjoualy  described 
and  the  Goteau  des  Prairiee,  toward  each  of  which  there  is  a  very  slight 
«9Cent,  sufficient  to  cause  drainage  to  follow  this  central  tine. 

Lakes  Traverse  and  Big  Stone  are  from  one  to  one  and  a  half  miles  wide, 
mainly  occupying  the  entire  area  between  the  bases  of  the  bluffs.  Lake 
Traverse  is  23  miles  long ;  it  is  mostly  less  thf.n  10  feet  deep,  and  its  greatest 
depth  probably  does  not  reach  20  feet.  Big  Stone  lake  is  26  miles  iong,  and 
its  greatest  depth  is  reported  to  be  from  16  to  30  feet.  The  portion  of  the 
channel  between  these  lakes  is  widely  known  as  Brown's  Valley.  As  we 
stand  upon  the  hluBa  here,  looking  down  125  feet  on  these  long  and  narrow 
lakes  in  their  trough-like  valley,  which  extends  across  the  five  miles  between 
them,  where  the  basins  of  Hudson  bay  and  the  Qulf  of  Mexico  are  now 
divided,  we  have  nearly  the  picture  which  was  presented  when  the  melting 
.  ice-sheet  of  British  America  was  pouring  itafloods  along  this  hollow.  Then 
the  entire  extent  of  the  valley  was  doubtless  filled  every  summer  by  a  river 
which  covered  all  the  present  areas  of  flood-plain,  in  many  places  occupying 
&s  great  width  as  these  lakes. 

Gen.  Wamn  observes  that  Lake  Traverse  is  probably  due  to  a  partial 
silting  up  of  the  channel  since  the  outflow  from  the  Red  River  basin  ceased, 
the  Minnesota  river  at  the  south  having  brought  in  suSicient  alluvium  to 
lorm  a  dam ;  while  Big  Stone  lake  is  similarly  referred  to  the  sediment 
brought  into  the  valley  just  below  it  by  Whetstone  river.  The  deep,  wind- 
ing channel  of  the  Whetstone  river  near  its  mouth  is  quite  remarkable ;  and 
its  level  alluvium,  about  5  feet  above  the  lake,  Alls  the  valley,  a  mile  wide 
between  Big  Stone  City  and  Ortonville. 

Fifteen  miles  below  Big  Btone  lake,  the  Minnesota  river  flows  through  a 
marshy  lake  four  miles  long  and  about  a  mile  wide.  This  may  be  due  to 
the  accumulation  of  alluvium  brought  into  the  valley  by  the  Pomme  de 
Terre  river,  which  has  its  mouth  about  two  miles  below.  Twentj-flve  miles 
from  Big  Btone  lake,  the  river  enters  Lac  qui  Parle,  which  extends  8  miles, 
with  a  width  varjing  from  one-half  to  three-fourths  of  a  mile  and  a  maxi- 
mum depth  of  12  feet.  This  lake,  as  Gen.  Warren  suggests,  has  been  formed 
by  a  barrier  of  stratified  sand  and  silt  which  the  Lac  qui  Parle  river  has 
thrown  across  the  valley.  He  also  shows  thai  Lake  Pepin  on  the  Mississippi 
is  dammed  in  the  same  way  by  the  sediment  of  the  Chippewa  river ;  and 
that  Lake  St.  Croix  and  tlie  last  30  mites  of  the  Minnesota  river  are  simi- 
larly held  as  level  back-water  by  the  recent  deposits  of  the  Mississippi. 

All  the  tributaries  of  the  Minnesota  river  have  cut  deeply  into  the  drift, 
because  the  main  valley  has  given  them  the  requisite  slope.  The  largest  of 
these  extend  many  miles,  and  have  their  mouths  level  with  the  bottom-land 
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of  the  Uimieaota  river.  The  bluffs  of  all  theec  Talley g  arc  also  erei^where 
seamed  and  gullied  bj  frequent  rills  and  springs,  manj  of  which  flow  only 
after  rains.  Few  of  the  large  inlets  have  any  great  amount  of  sediment 
deposited  opposite  their  mouths,  showing  that  their  excavation  was  mostly 
done  at  the  same  time  with  that  of  the  main  valley.  The  short  ravines  are 
more  recent  in  their  origto,  and  the  material  that  filled  their  place  is  com- 
monly spread  in  faa-ahaped,  moderately  sloping  banks  below  their  mouths, 
which  are  thus  kept  at  a  height  from  30  to  40  feet  above  the  present  flood- 
plun.  The  road  from  Fort  BIdgely  to  New  Ulm  runs  along  the  side  of  the 
bluS  at  the  only  height  where  a  nearly  level  straight  courK  could  be 
obtained,  being  Just  above  these  deposits  and  below  the  ravines. 

The  valleys  of  the  Pomme  de  Terre  and  Chippewa  rtven,  75  to  100  feel 
deep  along  most  of  their  course,  and  one-fourth  mile  to  one  mile  in  width, 
were  probably  avenues  of  drainage  from  the  melting  Ice-flelds  In  their  north- 
ward retreat.  Between  these  rivers,  In  the  22  miles  from  Appleton  to  Monte- 
video, the  glacial  floods  at  first  flowed  in  several  channels,  which  are 
excavated  40  to  BO  feet  below  the  general  level  of  the  drift-sheet,  and  vary 
from  one-eighth  to  one-half  mile  in  width.  One  of  these,  starting  from  tb& 
bend  of  the  Pomme  de  Terre  river,  Ij^  miles  east  of  Appleton,  extends  15' 
miles  south-east  to  the  Chippewa  river  near  the  center  of  Tunsburg.  Thl» 
old  channel  is  joined  at  Milan  station  by  another,  which  branches  off  from 
the  Minnesota  valley,  running  four  miles  east-south-east ;  it  Is  also  joined 
at  the  north-west  comer  of  Tunsburg  by  a  very  notable  channel  which 
extends  eastward  from  the  middle  of  Lac  qui  Parle.  The  latter  chanQcl, 
and  its  continuation  in  the  old  Pomme  de  Teire  valley  to  tlie  Chippewa 
river,  are  excavated  nearly  as  deep  as  the  channel  occupied  by  the  Minne- 
sota liver.  Its  west  portion  holds  a  marsh  generally  known  as  the  "Big 
Slough."  Lac  ijui  Parle  would  have  to  be  raised  only  a  few  feet  to  turn  it 
through  this  deserted  valley.  The  only  other  localities  where  we  have  proof 
that  the  outflow  from  Lake  Agassiz  had  more  than  one  chancel  are  7  and  10 
miles  below  Big  Stone  lake,  where  isolated  remnants  of  the  general  sheet  of 
till  occur  south  of  Odessa  station  and  again  three  miles  south-east.  Each 
of  these  former  islands  is  about  a  mile  long,  and  rises  75  feet  above  the  sur- 
rounding low  land,  or  nearly  aa  high  as  the  bluffs  enclosing  the  valley, 
which  here  measures  four  miles  across,  having  a  greater  width  than  at  any 
other  point. 


In  connection  with  the  foregoing  description  of  topographic  features,  it 
seems  desirable  to  present  the  series  of  altitudes  which  have  been  deter- 
mined ID  this  region  by  railroad  and  other  surveys.  They  are  mostly  copied 
from  Prof.  Winchcll's  first  annual  report  as  geologist  of  Minnesota,  ia 
which  they  were  referred  to  Lake  Superior  as  a  datum,  calling  it  600  feet 
above  sea.  Since  that  publication,  the  researches  of  Messrs.  Gardner  and 
Gannett,  of  the  U.  S.  GeologlcaJ  Survey  of  the  Territories,  have  shown  the 
height  of  Lake  Superior  to  be  609.4  feet  above  mean  tide.  The  correction 
which  this  requires  is  adopted  in  the  following  tables  ;  and  in  those  gathered 
from  later  reports  a  few  other  changes  ore  made,  as  called  for  by  determin- 
ations of  other  datum  points,  mainly  following  OrannelVs  LUU  of  ^leoationt, 
fourth  edition.    These  heights  are  stated  in  feet  above  mean  sea-level : 
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NmrtlUTn  PaHJie  RaS/road. 


Lake  Superior 60S.4 

Brainerf, 1214 

Mississippi  river  (bed), 1147 

Wadena 1368 

Leaf  riTW  (bed) 1316 

New  York  Mills, 1418 

Oiter  Tail  river  (boA), 1327 

Perham, 1376 

Hobart 1393 

Pelican  river  (bed) 1346 

Detroit,  1371 

Oak  Lake  station,   1376 


Audubon, 1317 

LakePark, 1342 

Hawley 1159 

Muskoda^ 1092 

Buffalo  river  (bed) 947 

Glyndon fl32 

Koorhead, 913 

Red  river,  low  water, 861 

Red  river,  bigh  water 8S6 

Fargo,   A.     912 

Jamestown,   141B 

Miaoouri  river,  at  Blemarck,.  1649 


t.  Paul,  Mimteapoli*  £  MamUM  Bailroad. 

a.    From  St.  Cltnid  to  St.  Vincent. 


East  Saint  Cloud, 1020 

Mississippi  river,  low  water, . 

West  Saint  Cloud, 

OsakU, 1337 

Victoria, 1375 

Aleiandria, 1391 

Ida, 1411 

Chippewa  river,  track,; 1369 

Chippewa  river,  water, 1339 

Evansvilte, 1354 

Summit,  1  m.  beyond  last, 1378 

Christina,  1228 

8t.  Olaf, 1344 

Summit,  %%  m,  beyond  last, . . .  1386 

Pommedeterre  river,  track,..  1239 

Pomme  de  Terre  river,  water,. .  1205 


Red  river,  at  Dayton  bridge,,..  1071. 

Creek-bed  near  Barnesville, 997 

Track  on  bridge  here, 1012 

Glyndon 932 

Buffalo  river,  track 928 

Buffalo  river,  water 915 

AverUI, 927 

FeltoD 925 

Borup 921 

Wild  Rice  river,  track 919 

Wild  Bice  river,  water 910 

Red  Lake  river,  track 857 

Red  Lake  river,  water, HO 

Saint  Vincent, 801 

Red  river,  low  water 767 

Red  river,  high  water, 796 


— PVom  St.  Paid  to  Bredcenndgt. 


Saint  Paul G98.4 

Minneapolis,.., 830 

Lake  Minnetonka,  water, 922 

Delano 923 

Waverlv, 1007 

Twelve  Mile  Creek, S95 

Howard  Lake  sta., 1049 

Smith  Lake  sta., 1049 

Cokato, 1022 

Darwin, 1127 

Litchfield, 1126 

Swede  Orove, 1186 

Atwater 1207 

Summit,  4Wmilesbeyond  last,  1264 

KandlyoU, 1216 

Willmar, 1124 

St.  John's, 1116 

Kii^boven 1104 

DeQrafl, 1056 


Benson, 1042 

Chippewa  river,  track, 1030 

Chippewa  river,  water, 1021 

Clontarf 1041 

Hancock, 1160 

Summit,  IMmilesbeyondlast,..  1167 

Pomme  de  Terre  river,  track,..  1073 

Pomme  de  Terre  river,  water,..  1062 

Morris, 1122 

Summit,  2  miles  beyond  last,. .  1161 

Donnelly, 1121 

Herman, 1063 

Mustiaka  creek 1021 

Gorton 1017 

TintaU, 991 

Campbell, 977 

Doran, 968 

Breckenridge 997 
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Hatting*  tt  Dakota  Raihwid. 
(Correclrd  at  ud  veat  at  Bhakopes  to  tpee  nith  Ibe  hplgbt  of  H Innciola  HVBr  tX  thft 
pjaci.) 

Hastinga, 709.4  i  Chaaka, 740 

Farmington, 900.6    Carver, 827 

Prior  Ltkesta., 954       Dahlsren, 994 

Prior  Lake,  vrater, 914       Benton 959 

Shakopee, 7()B     I  Young  America, 1002 

Minnesota  river,  low  water,..     704.5  I  Tiger  lake,  water, 991 

Minnesota  river,  high  n-ater,    731     I  Olencoe, lOlG 

Winona  i-  St.  PeUr  Raitroad. 


WiDona, 652. 85 

LewUton, 1211 

Ibichester, 990 

Owatonna, 1047 

Mankato, 779 

Easota, 837 

St.  Peter, 81iJ 

Minneaota  river,  high  water,     754 


Oshawa 980 

Nicollet ■ 978 

Hinnesota  river,  high  water, ...    SOU 

New  Ulm 835 

Sleepy  Eye 1032 

Marshall 1173 

Sute  Hoe 1475 

Sumiail  of  Coteau,  22  ma.  W.,..  1999 


SI.  Paul  *  Sioux  Cits  Raihvad, 

The  proaieof  tblB  line,  aUted  ao  p.  S8  at  OanDett's  I4tU  of  ElevaHont,  aod  derived  ftom 
the  flnt  anPDtl  report  on  the  Oeology  of  Mlnnesiita,  la  M  reet,  ipproxlmatclr,  too  blgb,  as 
Tompind  witli  the  determinatloD  at  HlnneaoU  river  hr  the  U.  8.  Engtueer  Corps. 

Svrtgy  for  Xtnneteta  Kbrthm-n  Railroad. 

Wadena 1368  i  Bass  lake, 1333 

Pease  Prairie,  1. 133,  r.  38, .... .  1469     Red  river  at  Fergus  Falla 1181 

-  Clitherall  lake, 1341  I  Top  of  dam  at  Pellcaa  Rapids,  1311 

Turtle  lake 1331  I 

Svrtey  for  HuteMnton,  Branch  of  t!u  Minneapolit  A  Ifbrthtneittra  Railvmy. 

Top  of  TTatertown  dam 925  |  Swan  lake, 1046 

Ocean  marsh,  7  ms.  W., 997     Crow  river,  low  water, 1028 

"Wlnsted  lake 994  |  Hu'tcbinson, 1043 


Lake  Itasca, 

Mouth  of  Leech  Lake  river, . . 
Mouth  of  SandyLake  river. 
Mouth  of  Crow  Wing  river, . . 

At  bead  of  Sauk  Rapids, 

Saint  Cloud,  low  water, 

Top  of  Saint  Anthony's  falls, 


Mouth  of  Minnesota  rive: 

Saint  Paul,  low  water, . . 
t^utnt  Paul,  high  water, . 
Hastings,  low  water, . . . . 


1575 
13G6 
1253 
1130 


Lake  C!ty,  low  water 

Winona,  low  water, 

La  Crosse,  low  water 

Dubuque,  low  water, 

Keokuk,  low  water  of  1861, . . 
Keokuk,  bigb  water  of  1861, 

Saint  Louis,  low  water 

Saint  Louis,  high  water  of  1844 
Cairo,  ordinary  low  water, . . . 
Cairo,  low  water  of  1871...... 

Cairo,  high  water  of  1867, .... 

Memphis,  low  water, 

Memphis,  high  water 

Natchez,  low  water, 

Baton  Rouge,  low  water 


502  6 
394.5 
435.9 
29  L2 
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Hfinnetota  Biter,  lou-aat^  ilcpt. 

(Level!  b;  U.  8.  BDgliieer  Coipi.) 


Big  ijtone lake, H92.SO 

Pomme  de  Terra  rlTer, 962.68 

Lac  qui  Parle, 9S4.04 

Chippewa  riTer, 933,84 

Foot  of  Minneeota  Falls SP3.14 

Yellow  Medicine  river, 87e.l2 

Bedwoodriver, 831.67 

FortRidgely, 607.39 

Bis:  Cottonwood  river, 79(1.92 

JudBon, 773.78 

South  Bend, 799.2 

Blue  Earth  river, 7P8-8 


Mankato T65.7 

Baint  Peter, 743.4 

Ut^wa, 736 

LeSaenr 729.2 

East  Henderson, 724.6 

Henderson, 723.4 

Faxouj. 713.4 

Belle  Plaine, 709.8 

Crest  of  Little  Rapids, 706 

Foot  of  Little  Rapids, 704.8 

Uoutta, 704.4 


Sed  River  ofOte  Horth. 

Lake  Traverse, lOOO.S  |  Moorliead,  low  water 851 

Otter  Tail  lake,  132G     |  Moorhead,  high  water, 866 

Fergus  Fidls, IISI     i  Saint  Vincent,  low  water,    767 

DajtOD  bridge 1071        Baint  Vincent,  high  water,  ..;,.  796 

Breckenridge 940     I  Lake  Winnipeg, 710 

T^  Great  Zakei. 


FOREST  AND  PRAIBIE. 

A  considerable  part  of  the  area  included  under  this  rtport  is  well  timbered. 
These  forests  at  their  borders  and  around  the  few*  prairies  which  they 
enclose,  become  gradusUj  more  open  with  fewer  and  smaller  trees,  or  form 
scattered  groves,  with  intervening  bushes  or  grass-land.  The  wooded  part 
of  this  district  Is  its  north-east  and  east  side,  and  takes  in  nearly  all  of 
Becker  and  Utter  Tail  coanties,  in  which  its  west  boandary  extends  from 
the  White  Earth  Agency  south  to  the  Northern  Pacific  railroad ;  thence 
west  by  Audubon,  and  then  south  by  Cormorant,  Pelican,  Lizzie  and  Prairie 
lakes  ;  in  Erhard's  Qrove  and  Elizabeth,  it  Includes  a  few  miles  on  the  west 
side  of  Pelican  river ;  and  next  bends  south  eastward,  passing  by  the  north 
side  of  Fergus  Falls,  to  Wall  lake  and  the  north  edge  of  St.  Olaf.  Through 
the  center  of  Otter  Tail  county  the  woods  of  its  east  and  west  portions  are 
divided  by  a  nearly  continuous  belt  destitute  of  forest,  averaging  about  six 
nkles  wide,  which  reaches  from  I.ake  Christina  to  Clitherall,  Otter  Tail  and 
Rush  lakes,  and  onward  by  Perham  to  the  North  line  of  the  county.  About 
half  of  Douglas  county  is  forest,  very  irregularly  bounded,  its  south-west 
limit  being  in  the  vicinity  of  Lakes  Oscar  and  Mary,  Pope  county  has  only 
scattered  groves,  sometimes  one  or  two  miles  wide,  but  separated  from  eacli 
other  by  yet  wider  areas  of  prairie,  which  include  probably  nineteen- twen- 
tieths of  the  county,  Sandiyohl  county  has  an  area  of  forest  IS  miles  long 
from  west  to  east  and  3  to  10  miles  wide,  lying  north-west,  north  and  north- 
east of  Green  lake ;  also,  groves  of  small  extent,  found  frequently  on  the 
borders  of  lakes  in  all  parts  of  the  county  except  its  south-west  quarter. 

Hie  Big  Wood*.  In  Meeker  county  and  others  at  the  east  and  south-east, 
a  belt  of  limber  about  46  miles  wide  extends  nearly  one  hundred  miles  from 
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Qortli  to  soutli,  commonly  called  the  "Big  Woods."  Like  the  woods  of 
Becker,  Otter  TkU  and  Douglas  countiea,  it  is  connected  nortbward  with 
the  great  forest  that  oveTspreads  aearly  all  of  northern  and  north-eastern 
Minnesota.  The  west  border  of  the  Big  Woods  crosses  Meeker  count]-  in  an 
irregular  line  that  has  frequent  indentations  and  spurs,  passing  from  the 
northwest  comer  of  the  county  south-east  and  south  by  Manannah,  Forest 
City  and  Darwin,  to  ttrecnleaf.  This  boundary  between  forest  on  the  east 
and  prairie  on  the  west,  enters  McLeod  county  at  its  north-west  comer,  and 
runs  south-eastward  across  this  and  Sibley  counties,  by  Hutchinson,  Glencoe, 
New  Auburn  and  Arlington.  Through  Nicollet  county  the  forest  occupies 
&  width  of  two  to  four  miles  along  the  west  side  of  Minnesota  rirer  to  Mao- 
kato  and  South  Bend,  It  also  extends  in  about  the  same  amount  along  the 
north  side  of  Minnesota  river  for  15  miles  above  Mankato ;  and  Timber  lake, 
€  miles  north-west  from  St.  Peter,  is  "bordered  by  broad  wood  lands. 

East  of  this  line,  the  Big  woods  cover  all  of  Wright,  Carver,  Scott  and  Le 
Sueur  counties,  excepting  small  enclosed  prairies  and  the  bottom-lands  and 
terraces  of  modified  drift  within  the  valley  of  the  Minnesota  river.  Beyond 
South  Bend  the  boundary  of  this  timbered  belt  ib  a  few  miles  outside  the 
limit  of  my  exploration.  Prof.  Winchell,  in  a  former  report,  states  that  its 
course  bends  eastward  in  Blue  Earth  county,  passiug  near  Janesville,  and 
about  six  miles  north  of  Waseca.  Thence '  it  turns  north-east  to  Fari- 
bault and  Cannon  City,  from  which  a  spur  of  forest  reaches  south  along  the 
east  side  of  Straight  river  to  Uwatonna.  The  east  border  of  the  Big  Woods 
has  a  nearly  north  course,  passing  from  Cannon  City  to  Northfleld,  Lake- 
Tlllc,  and  the  west  edge  of  Minneapolis. 

lAiniU  of  apeciea.  Many  trees,  shrubs  and  herbs  that  flourish  northward, 
have  their  southern  limit  at  a  line  north-east  and  north  of  the  Big  Woods ; 
while  the  forest  of  Becker,  Otter  Tail  and  Douglas  counties  contains  them 
only  in  its  north-east  part.  Among  these  northern  species  are  white,  red 
and  gray  pines,  black  spruce,  balsam  &r,  low  blueberry,  and  cranberry. 
Most  of  these  were  seen  in  the  township  of  Spruce  Hill  at  the  north  east 
comer  of  Douglas  county,  wluch  seems  to  be  their  only  occurrence  in  that 
county.  Thence  they  are  found  sparingly  northward  to  the  Northern  Pacific 
railroad,  beyond  which  are  valuable  pineries,  beginning  at  New  York  Mills, 
Pine  lakes,  and  Frazee  City,  and  extending  indefinitely  to  the  north  and  north- 
east. None  of  these  species  ore  found  in  the  Big  Woods,  which  however 
contain  others,  as  cottonwood,  bitternut,  wild  .crab-apple,  and  frost  grape, 
that  are  rare  or  wanting  in  the  northern,  forest. 

Zitl  of  Trea  oTid  Shrub*.  The  folio  wing  species  of  trees  and  shrubs  tiave 
been  observed  in  Becker  and  Otter  Tail  counties,  by  Mr,  B,  L.  Frazee,  man- 
ufacturer of  lumber  at  Frazee  Cily,  Becker  county :.  white  pine  {Pinu$ 
SIrolai,  L.),  red  (commonly  called  Norway)  pine  [P.  retinota.  Jit.),  and  gray 
or  Banks'  pine,  often  called  "Jack  pine"  (P.  Bankiiana,  Lambert),  black 
sproQe  [Abiet  nigra,  Poir.],  balsam  fir  {Abit»  baltam^a,  Marshall),  balsam 
poplar  ti'Kf'''''''  b(dtamifera,  L.),  paper  or  canoe  hirvh  {BeCula  papyraeea. 
Ait.),  and  Iwaked  hazelnut  (Corglvi  riMrata,  Ait.),  common  north-east  from 
the  Northern  Pacific  railroad ;  white  elm  ( Ulmua  Americana,  L.),  bass  ( Tilia 
Americana,  L.),  sugar  maple  [Acer  Mccltarimiin,  Wang.},  box-elder  (Negvndo 
aeeroidei,  Miench),  black  ash  [Fraxinut  tambueifclia,  Lam.),  bur  and  white 
oak  {Qutreui  maerocarpa,  Michx.,  and  Q.  oiia,  L.),  ironwood  (Oitrya  Vir- 
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gini<:a,  Willd.),  species  of  viWovi  (S^ix),  popiHTOr  AspemPopulut  tremvUnde*, 
Michx.)i  lamBrack(£an'iAnien'cana,3Ilchs.),  pnckly  anh  (Zanlhoxi/tiim  Amer- 
icanum.  Mill.),  smooth  sumac  {Rhti»  glabra,  L.),  climbing  bittersweet  (Celai- 
■trua  »eandent,  L.),  wild  plum,  wild  red  clierry  and  choke  cherry  (_Prunv» 
AmerUana,  Marshall,  P.  Pvnntglajniea,  L.,  and  P.  Virginiana,  h.),  ninebark 
^Spirteallpulifolia,L.],TA6'pheTry  &ad  high  blaclibeny  {Rti^*  ttrigomit,  Hicbi., 
and  it.  tn'Kotut,  Ait,),  thorn  (Cratot^iu,')  ianebnty  {Am^nehieT  Caaadentit, 
T.  &  O.),  prickly  and  smooth  gooBeberries  [Ribea  Cynoabati,  L.,  and  R.  kir- 
iellvm,  Michx.,)  black  currant  {Sibet  JUnidvm,  L.),  wolfberry  [Sytnplutricarput 
occidentalit,  R.  Brown),  high  huah  cranberry  [YSmmum  Ojndv»,  L.),  and 
ha?elnut  [C<n'ylwi  Americana,  Walt.)  common  generally ;  slippery-  or  red  elm 
i,  Ulmut  fulva,  Michell),  black  oak  (Q.  eoccinta,  var  Hnctoria),  large-toothed 
poplar  (P.  ffT^ndtdentata,  Michx.),  and  black  cherry  (P.  Krolina,  Ehrhart), 
less  frequent ;  red  oak  [Q.  ntbra,  L.),  aoft  or  red  maple  (Jwrrtifirum,  L.|, 
l)!ack  raspberries  (Su&ut  ofnid^nfolili,  L.),  and  elder  {HinUiueut  CaniuUniis, 
L.),  scarce;  Cottonwood  {popalvi maniCif<ra,  Ait,),  seen  rarely  about  the 
■shores  of  lakes;  apd  hackbeiry  (CelKf  occiderUalit.L.),  known  only  at  one 
place,  near  Lake  Llda. 

The  Big  Woods  are  principally  made  up  of  the  following  species  ot  trees  ; 
white  or  American  elm,  bass,  sugar  maple,  black  and  bor  oaks,  butternut, 
slippery  or  red  elm,  soft  or  red  maple,  blttemut,  white  and  black  ash,  iron- 
~wood,  wild  plum,  Juneberry,  American  crab-apple,  common  poplar  or 
aspen,  large-toothed  poplar,  tamarack  (in  snaraps),  box-elder,  black  cherry, 
Cottonwood  (beside  rivers  and  lakes),  water  beech,  willows,  hackberry,  paper 
or  canoe  birch,  white  oak,  and  red  cedar.  This  list,  in  wliich  the  arrange- 
ment  is  according  to  the  estimated  order  of  abundance,  is  given  by  Prof. 
Winchell  for  Hennepin  county,  in  hie  fifth  annual  report,  p.  142 ;  but  it 
appears  to  be  applicable,  with  slight  differences,  to  all  other  portions  of  the 
Big  Woods.  Everywhere  through  this  forest  the  two  largest  and  moat  plen- 
tiful species  are  elm  and  bass.  Another  list  of  trees  and  sliruba,  noted  in 
passing  through  these  woods  in  Scott  county,  is  recorded  by  Prof.  Winchell 
in  his  second  annual  report,  pp.  210  and  211 ;  followed  by  a  few  additional 
epecies,  as  the  Kentucky  cofCee-tree,  black  walnut,  and  yellow  birch,  seen 
in  ascending  the  valley  of  the  Minnesota  river  to  Big  Stone  lake. 

Timber  is  found  along  the  Minnesota  river  in  a  nearly  continuous,  though 
'Often  very  narrow  strip,  bordering  the  river  through  almost  Its  entire  course  ; 
but  generally  leaving  much  of  the  bottom-land  treeless.  The  bluffs  on  the 
north-east  side  of  the  river  have  for  the  moat  part  only  thin  and  scanty 
groves  or  scattered  trees.  The  sonth-weatem  bluSs,  on  the  contrary,  are 
heavily  wooded  through  Blue  Earth  and  Brown  counties,  excepting  two  or 
three  miles  at  New  Ulm.  They  also  are  frequently  well  timbered  in  Red- 
wood and  Yellow  Medicine  counties ;  but  in  Lac  qui  Parle  county  they  are 
mostly  treeless,  and  have  only  occasional  groves.  The  greater  abundance 
of  timber  on  the  south-western  bluffs  appears  to  be  due  to  their  being  less 
exposed  to  the  sun,  and  therefore  more  moist,  than  the  bluffs  at  the  opposite 
side  of  the  valley.  Above  Montevideo  the  timber  ia  mainly  restricted  to  a 
narrow  belt  beside  the  river,  and  to  tributary  valleys  and  ravines. 

About  Big  Stone  lake,  timber  generally  fringes  the  shore  ;  occurs  of  larger 
growth  in  the  ravines  of  its  bluffs ;  and  cover?  its  islands,  situated  within  six 
miles  above  its  mouth.     The  speceies  of  trees  observed  by  Prof.  Winchell 
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near  the  tool  of  this  lake  on  its  north-east  side,  are  the  following  in  their 
order  of  abundance  :  white  ash,  bur-oak,  bass,  white  elm,  box-elder,  cotton- 
wood,  hftckberrj",  ironwood,  soft  maple,  wild  plum,  slippery  elm,  and  wil- 
low. The  shrubs  recorded  in  the  same  locality  are  grape,  pricklj  and 
smooth  gooseberries,  wolfberry,  black  currant,  prickly  ash,  red  and  black 
raspberries,  elder,  sweet  vlbnmum,  red-osier  dogwood,  climbing  bittersweet, 
choke  cheny,  red  and  white  rose,  Virginia  creeper,  waahoo,  and  smootb 

Red  river  has  no  timber,  or  very  little,  for  twenty  miles  east  from  Brock- 
enridge.  In  the  ten  miles  next  below  Breckenridge,  it  is  bordered  by  scat- 
tered groves  of  bur-oak,  ash,  box-elder,  elm,  and  bass,  occupying  perhaps 
one-fonrth  of  this  distance,  while  small  poplars  and  willows  occasionally 
appear  in  the  spaces  between  the  groves.  Farther  to  the  north,  this  river 
is  continuously  fringed  with  timber,  and  its  larger  tributaries  have  their 
course  marked  in  the  same  way.  The  growth  of  wood  is  here  confined  to 
the  banks  of  the  streams,  which  have  cut  hollows  20  to  40  feet  deep  In  the 
broad  lacustrine  plain.  The  trees  and  shrubs  which  thus  occur  along  the 
Red  and  Buffalo  rivers  in  northwestern  Cla3- county,  are  stated  by  Mr.  Adam 
Stein,  of  Georgetown,  to  be  the  following ;  white  ash,  white  and  slippery 
elm,  bur-oak,  ironwood,  poplar,  box-elder,  wild  plum,  hackberry,  prickly 
ash,  frost  grape,  choke  cherry,  red  raspberry,  rose,  thorn,  prickly  and 
smooth  goosberries,  black  currant,  and  hazelnut,  more  or  less  common; 
wild  red  cherry,  Juneberry,  high  bush  cranberry,  and  Cottonwood,  rare. 

Prairiei.  The  greater  part  of  the  region  here  reported  is  prairie.  This 
term  is  commonly  used  to  embrace  all  tracts  destitute  of  trees  and  shrubg 
but  well  covered  with  grass.  Groves  of  a  few  acres,  or  sometimes  a  hundred 
acres  or  more,  occur  here  and  there  upon  this  area  beside  lakes,  and  a  nar- 
row line  of  timber  often  borders  streams,  as  just  described  along  the  Minne- 
sota and  Red  rivers ;  but  many  lakes  and  streams  have  neither  bush  nor  tree 
in  sight,  and  frequently  none  is  visible  In  a  view  which  ranges  from  five  to 
ten  miles  in  ail  directions.  Most  of  these  prairies  have  the  moderately 
undulating  contour  described  at  the  beginning  of  our  remarks  on  topography. 
Within  the  area  of  Lake  Agassiz  the  surface  is  almost  absolutely  level. 
Other  portions  cf  these  prairies  are  qi^te  hilly,  having  undulations  of  100 
feet  or  more,  as  from  Hawley  southward  along  the  east  side  of  the  lacustrine 
area  to  Red  river;  thence  south-east  to  Pelican  lake  and  Lake  Oscar :  the 
morainic  bills  of  Pope  county;  and  parts  of  Acton,  Danlelson,  and  Green- 
leaf,  in  Meeker  county.  If  we  compare  the  forests  with  the  prairies  as  to 
their  prevailing  contour,  we  find  that  for  the  most  part  the  former  are 
hilly  and  the  latter  gently  undulating;  yet  much  of  the  timbered  areas, 
especially  of  the  Big  Woods,  is  only  slightly  uneven  and  occasionally  quite 
level,  while  some  vei^'  hilly  tracts  are  prairies.  The  material  of  nearly  all 
these  areas  Is  closely  alike,  being  till  or  unmodified  glacial  drift,  showing 
no  important  differences  sncb  as  might  cause  the  growth  of  forest  in  one 
region  and  of  only  grass  and  herbage  in  another. 

The  absence  of  trees  and  shrubs  upon  large  areas,  called  prairies,  in  this 

and  neighboring  states,  is  generally  attributed  correctly  to  the  effect  of  Area. 

Through  many  centuries  fires  have  almost  annually  swept  over  these  areas, 

■  generally  destroying  all  seedling  trees  and  shrubs,  and  sometimes  extending 

the  border  of  the  prairie  by  adding  tracts  from  which  the  forest  had  been 
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litu-Ded,  Late  ia  autuma  and  agftin  in  the  apriug  tlie  dead  grass  of  the 
prairie  burns  veiy  rapidly,  ea  that  a  flT«  vitbin  a  few  days  sometimes  spreads 
fifty  or  a.  hundred  miles.  The  groves  that  remain  in  the  prairie  region  are 
usually  in  a  more  or  leaa  sheltered  position,  being  on  the  border  of  lakes  and 
streams  and  sometimes  neariy  surrounded  by  them ;  while  areas  that  cannot 
be  reached  by  fires,  as  islands,  are  almost  always  wooded.  If  Area  should 
fail  to  overrnn  the  prairies  in  the  future,  it  can  hardly  be  doubted  that 
nearly  all  of  them  would  gradually  and  slowly  be  changed  to  forest.  Yet  it 
does  not  appear  that  fires  in  forests  at  the  West  are  more  frequent  or  de- 
structive than  at  the  East,  and  our  inquiry  must  go  back  a  step  further  to 
ask  why  fires  east  of  the  Appalachian  Mountains  had  nowhere  exterminated 
the  forest,  while  so  extensive  areas  of  prairie  were  produced  by  them  in  the 
West.  Among  the  conditions  which  have  led  to  this  difference,  we  muat 
probably  place  first  the  generally  greater  amount,  and  somewhat  more  equal 
distribution  throughout  the  year,  of  rain  in  the  eastern  slates. 

The  average  growth  on  the  dry  portions  of  the  prairies  of  this  region 
would  make  about  a  half  a  ton  of  hay  per  acre.  It  affords  magnificeot 
pasturage,  but  the  pioneer  farmer  gathers  nearly  all  his  hay  from  the  fre- 
quent depressions  or  "  sloughs,"  which  yield  twice  as  much  as  the  higher 
land,  but  of  somewhat  inferior  quality.  These  are  marshes  through  the 
spring  and  early  summer,  but  become  mostly  dry  later  in  the  season,  so  tliat 
horses  can  be  driven  across  them. 

The  most  abundant  grasses  found  upon  the  prairies  in  the  vicinity  of  New 
Ulm  by  Mr.  B.  Juni  of  that  place,  are  as  follows :  Andropognn  furcatut, 
Muhl,,  Sorghum  nutatu,  Gray,  BtruteUma  euTtipendvla,  Gray,  and  Stipa  »parUa, 
Trin.,  common  on  portions  neither  very  dry  nor  very  moist;  Andropogon 
leepariui,  Michx.,  and  BouUloua  A^«iita,  Lagasca,  common  on  dry  swells; 
Spartina  epnoturoidet,  Willd.,  in  sloughs,  making  the  principal  mass  of  their 
hay ;  Lurtia  orytoide*,  Swartz,  with  the  last ;  and  the  stout  PhragmiUa  (am- 
munit,  Trin. ,  common  on  the  marshy  ehores  of  lakelets.  The.  prairies  also 
bear  a  great  variety  of  Sowers.  Of  asters  Mr.  Juni  finds  the  most  common 
species  to  he  AOer  tureaioau*.,  Michs.,  A.  lerieeiu,  Vent.,  and  A.  Tradtt- 
eanti,  L.;  of  golden-rod  [SoUdago),  S.  Ohimnn*,  Riddelt,  S.  Caruidenm,  L., 
and  S.  lanetolaia,  h.  Among  the  most  noticeable  and  common  plants  of  the 
prairies,  besides  the  foregoing,  are  Liatri*  tpkata,  Wtlld.,  Ptoralta  argo- 
phylta,  Pursh,  Petolottemon  vioiaeeut,  Michx.,  P.  eandidu*,  Mlchx.,  Ainorpha 
eana»eenM,Vi\M,.,  Se*alucida,  Ehrhart,  CampanviaTotundifolia.'L.,  Phloipiloea, 
L.,  QenUana  ermita,  Fr<B\.,  0.  deton»a,Friee.,imd  Lilt'um  PhiUidei^ieum.L. 

STRATiaRAPniC  GEOLOGY. 

My  only  observatlonB  of  rocks  older  than  thedrift  are  confined  to  the  deep 
valley  of  the  Minnesota  river,  the  topography  of  which. has  been  already 
described.  The  only  other  exposure  of  the  old  rocks  known  within  this 
area  of  16,000  square  miles  is  recorded  by  Owen,  and  was  seen  in  his  boat 
Journey  down  the  Red  river,  at  a  point  a  little  above  Fergus-  Falls.  The 
geology  of  the  Minnesota  valley  was  explored  by  William  B.  Heating  in 
1823 ;  by  O.  W.  Featherstonbaugh  in  1636 ;  and  by  B.  F.  Bhumard  in  IS4B. 
Soon  after  the  eatabliahment  of  the  present  survey.  Prof.  Winchell  in  1S7S 
examined  this  valley  throughout,  and  his  description  of  it,  embracing  also 
notes  as  to  the  observations  of  these  earlier  explorers,  occupies  pages  127  to 
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212  of  tlie  second  annual  report.  This  treats  very  fully  and  completely  of 
«11  the  rock-formalions  of  this  valley ;  and  its  cancluslona  have  been  uni- 
formly cocfirmed,  ^hile  indeed  very  little  important  informatiOD  has  been 
added  by  my  journey  over  the  same  ground. 

The  foUoniag  description  of  the  old  rocks  is  therefore  based  in  large  part 
upon  Prof,  Winchell's  report.  They  are  taken  up  in  their  order  of  age, 
beginning  with  the  oldest,  and  including  metamorphic  granites  and  gneisse* 
of  the  great  series  denominated  Eozoic  or  Archiean ;  a  conglomerate  and 
•quartztte,  considered  of  the  same  age  with  the  Potsdam  sandstone ;  the  St. 
Lawrence  limestone,  Jordan  gandgtone,  and  Sbakopee  limestone,  belonging 
to  the  Lower  Maguesian  or  Calciferous  epoch,  all  theseabove  the  metamorphic 
rocks  being  of  the  great  Lower  Silurian  series ;  and  varioua  ahaica,  sand- 
stones, limestooes,  and  clays,  the  latter  sometimes  holding  beds  of  lignite, 
regarded  together  as  of  Cretaceous  age.  The  St.  Peter  saadstone  and  Treu- 
tOD  limestone,  of  tlie  Lower  Silurian  series  and  lying  next  above  the  Shako- 
pee  limestone,  occur  in  this  valley  near  its  mouth,  but  not  within  the  limits 
of  the  counties  here  reported.  The  glacial  and  modified  drift  come  last  in 
this  order,  being  our  latest  completed  geological  formation. 

OraniUi  and  GrtieuM*.  These  are  metamorphic  rocks  of  the  series  called 
Eor.oic  or  Arciifean,  the  most  ancient  known  to  geology.  They  are  doubt- 
less an  extension  from  the  large  area  of  these  rocks  in  Dorth  eastern  Minne- 
sota. They  are,  however,  generally  covered  by  drift  except  in  the  counties 
which  border  Lake  Superior,  and  have  only  few  exposures  in  tlie  central 
part  of  the  State.  The  nearest  of  these  are  in  the  vicinity  of  St.  Cloud,  79 
miles  from  the  Minnesota  river.  It  has  laeen  already  stated  that  the  various 
rock-formations  seen  along  this  river  have  been  uncovered  by  the  excavation 
of  a  deep  channel  through  the  drift. 

The  granites  and  associated  rocks  of  this  valley  occur  frequently  through 
a  distance  of  100  miles,  from  a  point  one  mile  below  the  mouth  of  Big  Stone 
lake  to  about  five  miles  south-east  from  Fort  Itidgeiy.  In  the  next  13  miles, 
no  rocks  o?der  than  the  Cretaceous  are  found.  Then  comes  the  last  outcrop 
of  granite,  opposite  the  south-east  part  of  New  Ulm,  succeeded  by  conglom- 
«rate  and  tiuartzyte. 

No  rocks  older  than  drift,  excepting  some  Cretaceous  deposits,  occur  in 
this  valley  along  Traverse  and  Big  Stone  lakes,  or  in  the  distance  between 
them.  One  mile  below  Big  Stone  lake,  a  coarse  red  granite  begins  and 
thence  occupies  nearly  the  whole  valley  for  three  miles,  its  highest  portions 
rising  50  to  75  feet  above  the  river.  It  again  appears  in  low  outcrops  two 
and  three  miles  from  the  last,  in  sees.  SO  and  32,  t.  121,  r.  4S,  the  first  of 
these  being  on  the  north  side  of  the  Minnesota  a  little  west  of  Stony  Run, 
and  the  second  on  the  south  side  at  Mr.  Frederick  Frankhaus',  a  half  mile 
west  from  the  ford.  Two  to  six  miles  south-east  from  the  ford,  in  t.  120, 
r.  45,  which  extends  from  the  mouth  of  Yellow  Banks  river  to  Marsh  lake, 
similar  granite,  principally  red  or  fiesh-coiored  but  in  some  portions  light 
gray,  forms  abundant  outcrops,  mainly  on  the  south  side  of  the  river,  rising 
50  to  75  feet  in  their  highest  portions.  North  of  these,  two  ledges  of  this 
rock  were  noted  about  a  mile  apart,  halfway  between  Odessa  and  Correll 
stations,  the  west  one  lying  a  little  south  of  the  railroad,  while  the  east  one 
is  crossed  by  it.  All  the  foregoing  exposures  are  massive  granite,  containing 
A  large  proportion  of  feldspar  to  which  its  prevailing  reddish  color  la  due. 
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It  is  varjoual;  jointed,  but  does  not  exhibit  the  lamination  vtaick  ie  generally 
noticeable  in  the  eouth-ea^tward  continuation  of  these  rocka. 

Gneiss  bs8  the  same  composition  with  granite,  beinf;  made  up  of  quartz, 
feldspar,  and  mica.  It  differs  from  granite  in  h&ving'these  minerals  lami- 
nated, or  arranged  more  or  less  distinctly  in  layers.  Nearly  all  the  meta- 
morphic  rocks  that  remain  to  be  described  are  varieties  of  gneiss,  with  which 
masses  of  granite,  syenite,  and  hornblende  schist  occur  rarely.  For  IS 
miles  from  the  upper  part  of  Marsh  lake  to  the  middle  of  Lac  qui  Parle,  we 
have  no  report  of  ledges.  Iti  sec.  32,  t,  119,  r.  42,  an  Island  of  rock  occurs 
in  Lac  qui  Parle,  and  two  ledges  were  seen  across  the  lake  on  its  west  aide. 
Atjout  two  miles  south-east,  or  one  and  a  half  miles  above  the  foot  of  the 
lake,  are  several  small  and  low  exposures  of  rock,  occuring  at  each  side  and 
also  as  islands.  On  the  north-east  aide  thia  ia  gneisa,  mostly  with  N.  E.  to 
S.  W.  strike.  Its  dip  was  clearly  shown  at  only  one  place,  being  there  75° 
S.  E. 

In  the  deserted  channel  between  Lac  qui  Parle  and  the  Chippewa  river 
rock  is  exposed  near  the  south-east  corner  of  sec.  6,  Tunaburf.  It  also 
occurs  at  the  south  east  corner  of  this  township,  in  the  bottom-land  on  the 
east  side  of  the  Chippewa  river,  three  miles  above  itB  mouth.  Another  low 
exposure  is  one  mile  west  of  Montevideo  on  the  north  aide  of  the  Minnesota, 
halfway  between  the  river  and  the  bluff.  Close  south  of  Montevideo,  a  knob 
of  gray  gneiss,  nearly  vertical,  with  W.  B.  W  strike,  rises  30  feet  above  the 
bottom-land.  One  to  two  miles  south-east  from  Montevideo  are  extensive 
outcrops  of  gneiss,  rising  40  to  60  feet  and  extending  one  and  a  half  miles 
from  the  river  to  the  bluff  at  its  north-east  side.  At  a  little  lake  near  the 
river  its  dip  is  4S°  B.  10° — 20°  £.  Adjoining  this,  the  gneiss  includes  a  masa 
of  hornblende  schist,  20  rods  long  from  north-west  to  south-east  and  from 
20  feet  to  6  i-oda  wide.  Its  dip  is  33°  S.  E.  by  8.  At  the  railroad  cut  the 
rock  is  reddish  gray  gneiss,  dipping  4S°  to  60°  8.  E.  Two  to  four  miles 
south-east  from  these  outcrops  are  others  of  small  extent,  also  on  the  north 
side  of  Minnesota  river. 

At  Granite  Falls  and  Minnesota  Falls  ledges  of  gneiss  occur  on  both  sides 
of  the  river,  filling  the  valley  with  a  multitude  of  knobs  and  short  ridges 
30  to  TS  feet  high.  These  rocka  begin  five  miles  above  Granite  Falla,  near 
the  mouth  of  Stony  Run.  Along  this  distance  they  occur  principally  on  the 
south-weat  side.  In  the  N.  E.  I4'  of  sec.  24,  Stony  Run,  the  strike  for  an 
eighth  of  a  mile  is  S.  80°  E.,  the  dip  being  75°  N,  10°  E  Generally,  how- 
ever,  the  strike  is  nearly  N.  E.  to  S.  W.,  the  dip  being  south-easterly. 
In  the  north-west  edge  of  Granite  Falls,  the  dip  is  60°  8.  £.,  but  more 
commonly  it  ranges  between  25°  and  40°,  In  a  few  places  at  Granite  Falls 
it  is  toward  the  north-east  or  north.  At  Minnesota  Falls  it  was  noted  in  one 
place  to  be  56°  S.  10°  E.,  and  near  by  85°  in  the  same  direction.  These  are 
exceptions,  while  the  prevailing  Inclination  is  toward  the  sobth-east.  The 
strata  are  reddish  or  gray  gneiss,  frequently  so  disintegrated  by  the  weather 
that  its  outcrops  liave  become  turfed,  varying  occasionally  to  more  enduring 
gray  and  red  granites.  These  rocks  also  sometimes  include  trap  dikes,  of 
massive,  very  heavy,  dork  green  rock,  as  at  the  rapids,  recently  used  for 
manufacturing,  one  mile  above  Granite  Falls,  where  two  dikes,  respectively 
20  and  4S  feet  wide,  occur  54  feet  apart,  their  course  behig  N.  E.  to  8.  W., 
conformable  with  the  strike  of  the  rocks.    Elsewhere  the  gneiss  may  include 
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(I  bed  or  lenticular  mass  of  hornblende  schist,  as  is  seen  at  the  east  end  of 
Granite  Falls  bridge  and  dam.  Graj  syenite,  probablj  valuable  (or  building 
and  ornamental  purposes,  occurs  about  a  half  mile  south  from  Minnesota 
Falls.  A  large  specimen  of  it,  elegantly  polished,  was  shown  me  by  Mr. 
Park  Worden  of  tlila  place.  It  is  composed  of  white  quartz  and  black  horn- 
blende, tn  neatly  equal  parts,  somewhat  schistose  as  to  the  direction  of  its 
grains.  The  trap  dikes,  homhlende  schist,  Bycnite  and  granites,  are  together 
but  a  smalt  portion  of  these  rocks  which  mainly  are  gneiss.  Its  outcrops 
from  Granite  Falls  to  one  mite  below  Minnesota  Falls  are  very  prominent, 
rising  in  irregular  and  picturesque  confusion  throughout  the  entire  valley, 
nearly  two  miles  wide.  Lower  ledges  continue  less  frequently  for  a  mile  or 
two  beyond  these. 

The  next  outcrops  noted  are  sis  miles  down  the  river,  along  Its  portion 
called  Patterson's  Rapids,  which  extend,  with  frequent  intervals  of  smooth 
current,  seven  miles  or  more,  through  t.  114,  r.  37.  The  river  here  divides 
Sacred  Heart  on  the  north  from  Swede's  Forest  on  the  south.  In  the  north- 
west corner  of  Swede's  Forest,  ledges  abound  for  two  miles,  reaching  40  to 
T5  feet  above  the  river.  A  lone  school-house  is  situated  among  them,  near 
the  north-east  corner  of  sec,  IB.  Balf  a  mile  west  from  this,  the  rock  is 
reddish  gray  gneiss,  dipping  15°  N.  N.  W.  A  third  of  a  mile  west  from  it, 
are  massive  granite  clifFs,  divided  by  joints  into  nearly  square  blocks,  10  to 
15  feet  in  dimension.  This  rock  ma3-  be  found  valuable  for  quarrying. 
One-eighth  of  a  mile  east  from  the  last,  it  is  gneiss,  dipping  10°  S.  At  the 
east  side  of  the  school- house,  it  is  also  gneiss,  dipping  about  G°  8. 

Along  the  entire  river- boundary  between  Redwood  and  Renville  counties, 
a  distance  of  30  miles,  ledgrs  of  gneiss  and  granite  abound,  in  some  places 
enclosing  masses  of  hornblende  schist.  For  l!i  miles  above  Beaver  Falls  they 
All  the  whole  valley,  occurring  on  each  side  of  the  river,  and  rising  60  to  12'i 
feet  above  it.  Between  Beaver  and  Birch  Cooley  creeks  the  outcrops  are 
mainly  on  the  north  side  of  the  Minnesota,  rising  in  their  highest  portions 
100  feet  above  the  river.  Below  the  mouth  of  Birch  Cooley  they  are  mostly 
on  the  south  side,  occurring  in  great  abundance  for  two  miles  above  and 
three  miles  below  the  mouth  of  Wabashaw  creek.  The  highest  of  these  arc 
a  mile  above  this  creek,  rising  T9  to  12S,  or  perhaps  140  feet,  above  the  river. 
It  will  be  remembered  that  the  bluffs  along  all  this  part  of  the  valley  are 
about  175  feet  high,  so  that  none  of  these  ledges  was  visible  before  the  sur- 
face of  the  drift-sheet  had  been  considerably  channelled.  At  Birum's  mill, 
on  the  Redwood  river  where  It  enters  the  Minnesota  valley,  1^  miles  north- 
east from  Redwood  Falls,  the  rock  is  a  greenish  talcose  quartzyte,  dipping 
26"  3.  E.  One  mile  north-east  from  this,  on  the  opposite  side  of  the  Minne- 
sota and  one  fourth  of  a  mile  north  of  the  ford,  the  rock  Is  gray  gneiss, 
weathering  to  reddish  gray,  apparently  almost  vertical,  with  its  strike  F.  N. 
E.  At  the  east  side  of  the  road  this  gneiss  is  crossed  by  a  nearly  vertical 
vein,  1  to  3  feet  wide,  of  coarsely  crystalline  feldspar  and  quartz,  extending 
within  sight  SO  feet.  These  strata  are  also  exposed  In  the  valley  of  Beaver 
creek  one  and  two  miles  above  its  Junction  with  the  Minnesota  valley.  The 
Champion  mill-dam  at  the  village  of  Beaver  Falls  is  nearly  within  the  line 
of  strike  of  the  gneiss  described  north  of  the  ford,  and  a  similar  gneiss,  with 
nearly  the  same  strike,  is  found  here.  Its  dip  is  W  S.  B.  E.  At  the  dam  of 
the  O  E  mill,  one  mile  north-east  from  the  last,  is  an  extensive  exposure  of 


byGoO'^lc 


STATE   OEOLOQIST.  101 

gr&y  gneisa,  Also  with  B.  N,  E.  strike ;  it  ia  nearlj  verticBl,  or  has  a  steep 
dip  to  tlie  8,  S.  E.,  and  in  some  portions  is  much  contorted.  Veins,  6  to  IS 
incliea  wide,  of  coanely  crjatftlline  fleali-colored  feldspar,  coinciding  with 
the  strike,  are  common  here.  The  valley  of  Birch  Cooley,  one  mile  above 
its  entrance  into  that  of  the  Minnesota,  has  a  large  exposure  of  granite, 
holding  interesting  veins,  faulted  and  divided  portions  of  which  are  figured 
in  Prof.  WInchell's  report.  One  of  these  veins,  composed  of  granite  and 
four  inches  wide,  is  traceable  250  feet,  running  south-west. 

Two  miles  below  the  mouth  of  Birch  Cooley,  a  low  outcrop  examined  on 
the  north  side  of  the  river  is  granite,  containing  a  large  proportion  of  flesh- 
-colored  feldspar.  Ledges  were  next  seen  on  the  north  side  three  miles  below 
the  last,  in  the  vicinity  of  the  Hoe  between  Birch  Cooley  and  Camp,  extend- 
ing a  half  mile  westwatd  from  Beihie  and  Fenske'a  flour  mill.  A  small 
outcrop  occurs  flve  miles  south-east  from  these,  beside  a  small  round  Inkeiet 
in  the  bottom-land  north  of  the  river.  One  mile  farther  south-east,  in  the 
west  extremity  of  Ridgely  township,  and  1)4  miles  west  of  Fort  Ridgely,  are 
the  ledges  which  supplied  the  stone  iised  In  building  the  fort,  A.n  excavation 
found  near  the  north  end  of  the  outcrop,  is  in  porphyrltic  granite,  which 
contains  abundant  gray  feldspar  crystals,  ^4  to  1^  inches  long  and  one 
third  to  two  thirds  as  wide ;  It  also  contains  occasional  masses  six  to  twelve 
inches  long  and  half  as  wide,  mostly  made  up  of  black  mica  in  small  grains. 
This  ledge  is  also  traversed  by  several  Qesh-colored  feldspathic  veins,  2  to  S 
inches  wide.  The  other  rock-masses  near  by  are  mostly  feldspathic  granite, 
fleah-colored,  not  noticeably  porphyricic.  In  one  band  here,  the  rock  is 
hornblende  schist  aud  mica  schist,  much  contorted,  weathering  to  a  very 
rough  honey-combed  surface.  This  band  extends  several  rods  from  north  to 
south,  and  dips  45"  to  60°  W. 

Four  miles  below  Fort  Ridgely,  at  Little  Rock  creek,  which  is  a  mere  rill, 
ledges  again  appear.  They  extend  one  mile  from  north-west  to  sonth-east, 
lying  on  the  north  side  of  the  river,  and  rising  40  to  60  feet  above  It.  This 
rock  is  partly  gneisx,  much  contorted  and  often  obscure  in  ils  lamination, 
and  partly  granite,  both  Ijeing  flesh-colored,  apparently  from  weathering 
It  is  abundantly  jointed  and  seamed.  The  dip  is  not  clearly  exhjhiled. 
Prof.  Winchell  thought,  from  the  outlines  and  slopes  of  surface,  that  it  might 
be  36"  or  40'"  to  the  north. 

Thirteen  miles  of  the  valley  next  lo  the  soulh-east  have  no  rock  expo- 
sures. Two  small  outcrops  of  granite  follow  thie,  lying  in  the  bottom-land 
of  the  S.  W.  J-4  of  sec.  27,  Courtland.  It  is  a  coarse  granite,  the  greater 
part  of  it  consisting  of  flesh-colored  feldspar.  Weathering  has  made  it  very 
friable  on  the  surface,  but  the  interior  is  solid.  This  is  the  last  occurrence 
of  the  rocks  of  this  series  seen  in  the  Minnesota  valley.  It  is  about  300  feet 
weat  from  the  south  end  of  a  conglomerate  outcrop,  and  one  mile  northwest 
from  the  quartzyte  at  Redstone. 

E.iaminatiou  of  these  notes  as  to  strike  and  dip  shows  that  the  axial  lines 
of  folds  in  these  rocks  run  mainly  from  north-east  to  soulh-wcst.  Very 
thorough  detailed  exploration  would  be  requisite,  but  very  probably,  being 
confined  to  this  narrow  valley,  would  be  insufllcieut  to  determine  the  posi- 
tion of  synclinal,  anticlinal  and  inveried  axes,  or  to  arrive  at  any  strati- 
graphic  divisions  of  the  series.  No  quarrying  of  any  importance  has  been 
yet  undertaken  in  any  portion  of  these  rocks  in  the  Minnesota  valley ;  but 
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they  ftrc  extensively  quarried  at  St.  Cloud,  both  for  buildiag  and  monu- 
niental  stone. 

WeiU  in  ifetamorpliic  Bock».  A  well  drilled  for  the  railroad,  at  Hemian, 
Grant  county,  passed  through  124  feet  of  till,  aud  then  went  SS  feet  in  rock. 
The  first  seven  or  eight  feet  of  the  rock  was  the  fine  grained,  buff,  niagne- 
sian  limestone,  boulders  of  which  are  common  throughout  norlliwesiem 
Klinnesota.  Prof.  Winchell  thinks  it  probable  tliat  this  portion  was  a  com- 
pacted mass  of  boulders.  This  seems  to  be  the  rock  which  Owen  observed 
in  the  bank  of  the  Bed  river  aljove  Fergus  Falls.  His  statement  shows  that 
possibly  it  was  there  only  a  large  slab,  embedded  in  nearly  horizontal  poei- 
tioa  in  the  bank,  instead  of  being  in  place  as  a  solid  bed.  This  rocli  out- 
crops in  the  vicinity  of  Winnipeg,  in  Manitoba.  The  remaining  ST  feet 
drilled  in  the  rock  was  through  quartzose  granite,  with  red  feldspar;  white 
micaceous  quartzyte ;  and  mica  schist  of  several  varieties. 

The  section  of  the  salt-well  at  Belle  Plalne  was  as  follows,  in  descending 
order ;  21S  feet  of  stratified  gravels,  sands,  and  clays,  all  apparently  belong- 
ing to  the  glacial  period ;  16  feet  of  sandstone;  10  feet  of  ochreous  dhale : 
]T6  feet  of  highly  magnesian  clajs,  purple  and  speckled  with  white,  mostly 
without  siliceous  grains;  and  293  feet  of  siliceous,  nnctuoua  shale,  highly 
ferruginous,  sometimes  amygdaloidal,  and  varying  to  a  micaceous  quartzyte. 
From  21G  to  418  feet,  the  strata  are  thought  to  represent  the  quartzyte  and 
pipestone  of  Potsdam  age,  which  outcrop  near  New  TJlm  and  in  Pipestone 
county ;  from  418  feet  to  the  bottom  of  the  well  at  710,  they  are  considered 
lower  than  the  Potsdam  sandstone;  but  the  granites  and  gneisses  lie  vet 
deeper.  No  other  wells  in  the  district  here  reported  penetrate  to  the  meta- 
m Orphic  rocks. 

Deeompottd  Onei**  ifid  QraniU.  Very  remarkable  chemical  changes  have- 
taken  place  in  the  upper  portions  of  many  of  the  exposures  of  gneiss  and 
granite  near  RfKlwood  Falls.  The  rock  is  transformed  to  a  soft,  earthy  or 
cla3'e}'  mass,  re!>cmbllng  kaolin.  It  has  a  blue  or  greenish  color,  wlien 
freshly  exposed ;  but  when  weathered,  assumes  a  yellowish  ash  color,  and 
finally  becomcB  wliite  and  glistening.  Mica  scales  and  laminte  of  quartz  are 
generally  contained  in  this  material,  aod  have  the  same  arrangement  as  in 
gneiss,  so  that  the  dip  can  be  distinctly  s^cn.  Veins  of  quartz  or  feld.spar, 
the  latter  completely  decomposed,  and  the  lines  of  Joints,  are  also  notlceablCr 
just  as  In  granite  or  gneiss;  making  it  evident  that  this  substance  is  the 
result  of  a  decay  of  the  rocks  in  their  original  place.  So  far  as  can  be  judged 
from  stream  channels  and  other  exposures,  this  decomposition  reaclie'!  in 
some  places  to  a  depth  of  20  or  30  feet,  perhapsmore.  All  grades  of  change- 
may  be  found,  from  ledges  where  only  here  and  there  a  few  spots  have  been 
attacked  and  slightly  decomposed,  to  portions  where  nearly  every  indication 
of  its  origin  has  been  obliterated, 

Beforetheextonsivedenndalionof  the  glacial  period,  it  is  probable  that  all 
the  granite  and  gneiss  of  this  region  were  covered  by  a  similarly  decayed 
surface.  Upon  the  areas  where  decomposed  rocks  still  exist,  the  glacial 
ploughing  was  shallower  than  elsewhere.  These  beds  are  frequently  over- 
lain by  Cretaceous  deposits,  and  appear  to  hare  been  submerged  beneath 
a  Cretaceous  ocean.  Prof.  Winchell  suggests  that  their  decay  may  hare 
taken  place  during  this  submergence,  under  the  influence  of  the  abundance 
of  alkaline  chemical  agents  held  in  solution  by  the  sea  In  that  age.    Eipo- 
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■urea  of  tliese  kHoUnized  strata  are  found  in  b  ravine  north  of  the  rivei* 
opposite  Minnesota  Falls ;  in  the  gorge  of  liedwood  river  below  Redwoo<f 
Falla,  interesting  for  its  grand  and  heautiful  scenery ;  in  many  of  llie  ledgew 
of  Minnesota  valley  for  several  miles  next  below,  especially  in  e:iposurefs 
made  by  roads  at  the  foot  of  the  bluffs ;  in  llie  valley  of  Birch  Cooley  near 
its  mouth;  and  occasionaliy  for  8  or  10  miles  farther  down  the  valley, 

TAe  Gongtomerau  oppoiiu  2feu>  Ulm,  This  outcrop  is  about  1000  feet  long, 
in  which  distance  its  height  rises  from  10  to  about  CO  feet  above  the  river. 
Its  strike  or  course  Is  N.  20°  E.,  while  the  dip,  measured  by  E^of.  Winchell. 
is  18°  E.  S.  E.  Its  greatest  exposure  vertically  at  any  one  place  is  about  20 
feet.  The  beds  vary  from  1  to  6  feet  in  thickness.  It  is  a  massive,  toughi 
conglomerate.  The  pebbles  in  it  are  all  more  or  less  water-worn  ;  they  are 
geuerally  abundant,  often  occurring  nearly  as  thick  as  they  could  be  packed. 
They  are  of  all  sizes  up  to  a  diameter  of  one  foot  or  a  little  more.  These 
pebbles  are  remarkable  as  consisting,  almost  without  exception,  of  only  two 
kinds  of  rock,  which  occur  together  in  nearly  equal  abundance  and  dimen- 
sions. One  of  the  two  classes  is  apparently  a  Jasper,  usually  dull  red  anut 
massive,  but  in  many  of  the  fragments  laminated,  or  in  thin  bands,  which 
are  sometimes  dark,  sometimes  yellow ;  the  other  class  is  white  quartz,  mas- 
sive, now  and  then  containing  foreign  particles,  and  occasionally  smoky  in 
color.  The  origin  of  this  conglomerate  may  have  been  from  the  action  of 
seO' waves  upon  a  coast  where  only  these  two  kinds  of  rock  were  exposed. 
The  only  pebble  found,  which  oouid  not  be  referred  to  these  classes,  was  a 
scrap  of  flne-grained  gneiss,  two  inches  long.  Neither  the  granite  that  out- 
crops close  at  the  west,  nor  the  quartzyte  that  occurs  upon  a  large  area  at  a, 
mile  to  the  east,  seems  to  be  represented.  The  conglomerate  is  probably 
older  than  the  quartzyte,  but  both  are  thought  to  come  within  the  Potsdam 

The  QuQrttj/tt  at  Redttone.  Tliis  lies  on  the  nqrth-east  side  of  the  river, 
beginning  at  the  Redstone  rail  road- bridge,  and  extending  one  mile  to  thei 
east  and  south'Cast.  The  highest  knobs  of  its  southern  part  rise  100  to  125^ 
feet  above  the  river,  while  its  most  northern  part  fonns  a  nearly  level  tract 
of  about  equal  height,  %  of  a  mile  long,  lying  at  the  south  side  of  tlie  car- 
riage road.  The  greater  part  of  this  outcrop  dtps  northerly,  8ouIh  of  the- 
west  railroad'CUt  the  dip  is  27°  N,  10°  B.  At  another  cut,  a  third  of  a  mile- 
east  from  this,  it  is  45°  N.  N,  B.  It  frequently  varies  as  much  as  10°  withio. 
,a  few  rods,  and  its  north  portion  seems  to  be  nearly  level  in  stralillcation. 
The  thickness  exposed  in  the  whole  outcrop  may  be  250  feet.  The  rock  is  a. 
compact  hard  quartzyte,  of  red  or  reddish  gray  color.  It  Is  variously  divided 
by  joints,  and  its  solid  masses  often  have  a  tendency  to  break  Into  rbom- 
boida]  fragments.  The  layers  are  3  to  12  inches  thick,  mostly  without  lam- 
ination at  the  north ;  but  at  the  south-west  they  show  fine  laminte,  part  or 
which  are  shale  softer  than  the  rest  of  the  rock.  At  the  north-west  it  rarelj- 
encloses  smalt  pebbles,  the  largest  seen  being  three-quarters  of  an  inch  Ji» 
diameter.  They  include  only  red  jasper  and  white  quartz,  like  those  or 
the  conglomerate  just  described.  Btone  sultableforcellar-wallsandfounda- 
ttons  is  quarried  from  this  formation. 

St.  Zatergna  Limettone.  Eleven  miles  south-east  from  the  quartzyte,  wo 
find  at  Hebron  and  Judson  the  first  exposure  of  the  Lower  Magnesian  rocK-c 
within  the  Minnesota  valley.    Thence  to  the  limit  of  our  survey  at  Hamilton 
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these  rocks  occur  frequently.    They  consiat  of  three  members,  nuned  in 

ascending  order  the  St.  Lawrence  limeBtone,  Jordan  Bandstone  aud  Shakopee 
liraeslone,  from  the  lowest  places  in  this  ralley  at  which  they  are  well 
ttpoee(t. 

The  St.  Lawrence  limestoae  at  Hebron  extends  from  Nicollet  creek,  the 
outlet  of  Swan  lake,  about  I^  miles  eastward  It  rises  2i  to  35  feet  above 
the  river,  against  which  it  forms  a  barrier,  protecting  a  broad  terrace  of 
modified  drift  that  lies  between  the  limestone  exposures  and  the  foot  of  the 
bluffs.  Its  stratiBcation  is  nearly  level,  the  dip  being  about  2°  to  the  south- 
east. The  beds  are  1  to  4  inches  thick  at  top,  where  it  has  been  aSected  by 
weathering ;  below  they  are  4  to  12  inches  thick.  The  rock  is  a  flne-grained 
compaet  magnesian  limestone,  yellowish  or  reddish  gray,  often  streaked  or 
speckled  with  green.  Its  laye'rs  are  generally  separated  by  a  thin'  film,  or 
sometimes  by  a  seam  >j  inch  thick,  of  dark  green  crumbling  sandstone. 
The  upper  part  of  these  beds  in  the  race-wsy  of  the  Hebron  stone-mill  con- 
tains a  layer  of  soft  sandstone  one  foot  thick.  Several  quarries  are  worked 
slightly  on  each  side  of  the  river. 

Other  exposures  of  this  Umesto::e  in  the  Minnesota  valley  are  few.  It  is 
next  recognized  in  two  low  outcrops,  a  mile  apart,  at  the  east  side  of  Sibley 
county,  30  miles  from  Hebron  in  a  straight  line.  The  first  ia  on  land  of 
Henry  Young,  in  the  south  part  of  sec.  13,  Jessenland.  The  rock  ia  yellowish 
buB  limeatone,  nearly  level  in  stratillcation,  in  layers  1  to  4  Inches  thick, 
much  divided  and  broken  by  vertical  and  oblique  seama  and  cracks.  A  half 
dozen  kilns  of  lime  have  been  burned  from  this  rock  within  the  past  two 
years.  The  second  outcrop  ia  owned  by  Walter  E.  Doheny,  and  lies  in  the 
south-west  comer  of  Faxon,  only  a  short  distance  from  the  town  line  and 
river.  Its  extent,  height,  stratification,  and  Jointed  condition  are  nearly 
the  same  as  in  the  last.  It  is  a  dull  red,  slightly  arenaceous  limestone.  A 
quarry  tieven  feet  deep  sliowa  layers  1  to  5  inches  thick,  often  separated  by 
thin  earthy  seams. 

In  St.  Lawrence,  10  miles  north-east  from  the  foregoing,  this  limestone 
occurs  occa^ooally  for  a  distance  of  nearly  two  miles,  having  its  top  about 
45  feet  above  the  river.  It  is  nearly  level  in  stratification,  in  beds  from  2  to 
18  inches  thick.  The  color  is  buS,  reddisli,  or  yellowish  gray,  usually  with 
frequent  green  specks.  In  composition  it  is  a  siliceous  magnesian  limestone. 
It  has  been  considerably  quarried,  and  supplies  good  building  stone.  A 
vertical  thickness  of  about  15  feet  is  seen  in  quarries  and  natural  exposures ; 
and  wells  here  have  drilled  into  it  24  feet,  without  reaching  its  base. 

The  reference  of  all  these  outcrops  to  a  horizon  below  the  Jordan  sand- 
stone is  based  on  their  lithological  character,  and  on  the  position  and  strati- 
Dcation  of  neighboring  rocks  belonging  higher  in  this  group.  At  Jordan,  3 
miles  east  from  St.  Lawrence,  wells  encounter  the  St.  Lawrence  limestone, 
pinkish  buS  in  color  and  very  compact  and  hard,  lying  directly  beneath  the 
soft  and  friable  Jordan  sandstone.  At  the  upper  brewery  the  well  was  12 
feet  deep,  10  feet  in  sandstone  and  2  feet  in  limestone.  The  well  of  the 
lower  brewery,  11  feet  deep,  was  dug  6  feet  in  sandstone,  and  then  5  feet  in 
this  very  hard  limestone.  Below  this  it  was  drilled  2G  feet,  all  the  way  in 
limestone,  which  was  thought  to  grow  harder ;  its  base  was  not  reached. 
The  limestone  also  occurs  in  the  bed  of  Sand  creek,  at  the  pier  of  the  private 
bridge  in  front  of  the  lower  brewery.    All  these  exposures  of  St.  Lawrence 
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limestone  in  the  Hinnesola  valley  probably  exUbit  its  upper  portioa,  and 
its  thickness  here  remains  undetermined.  Id  Fillmore  and  Houston  counties 
it  is-abont  200  feet  thick,  forming  more  than  lialf  of  the  Lower  Magnesian 
group. 

The  Jordan  Sandttone.  Next  above  the  last  is  a  coarse-grained  sandstone ; 
white  or  light  gray,  or  often  somewhat  stained  with  iron-rust.  It  is  usually 
soft  and  crumbling,  so  that  it  is  readily  excavated  with  s,  shovel ;  but  some  of 
its  beds,  quarried  at  Jordan,  yield  stone  sufBciently  durable  for  the  con- 
struction of  large  mills  and  bridge  masonry.  It  becomes  harder  upon  expo- 
sure to  the  air,  and  its  ledges  sometimes  have  an  indurated  surface  while 
they  are  quite  triable  witliin.  The  stratiUcation  is  level  or  nearly  so,  in 
beds  that  vary  from  six  inches  to  3  feet  in  thickness.  While  each  of  these 
layers  is  plainly  horizontal,  its  lamination  is  frequently  oblique,  being  inclined 
l"  to  20°.  This  structure  is  the  same  with  that  often  seen  in  recent  sand- 
deposits,  where  the  material  was  spread  and  arranged  by  strong  currents. 
The  direction  of  this  inclination  is  variable,  and  seems  to  indicate  the  action 
of  liden  or  waves  in  water  of  no  great  depth.  This  sandstone,  however, 
extends  over  a  large  area,  with  a  comparatively  uniform  thickness,  which 
is  40  or  50  feet  in  the  Minnesota  valley  and  25  to  40  feet  in  Fillmore  and 
Houston  counties. 

In  the  vicinity  of  Mankato  this  sandstone  underlies  the  Shakopee  lime- 
stone at  the  quarries  upon  each  side  of  the  river.  They  also  occur  in  the 
same  manner,  forming  bluffs,  at  Kasots,  St,  Peter,  Ottawa  and  Louisville, 
as  will  be  more  fully  described  in  speaking  of  the  limestone. 

Very  extensive  exposures  of  the  Jordan  sandstone  are  seen  beside  the  river- 
road  inOshawa,  extending  3  miles  above  St.  Peter.  It  is  easily  disintegrated, 
which  often  causes  slightly  harder  layers  near  the  top  to  overhang.  Many 
excavations,  used  for  the  same  purpose  as  cellars,  have  been  made  in  these 
ciiSs.  This  sandstone  also  forms  the  foot  of  the  bluffs  st  the  south  side  of  a 
creek  that  enters  the  Minnesota  at  tbe  north-east  comer  of  Traverse  town- 
ship. At  these  places  the  sandstone  rises  40  or  50  feet  above  tbe  river,  and 
is  capped  hy  Bbakopee  limestone,  less  conspicuously  exposed. 

In  Lake  Prairie  the  sandstone  is  seen  at  several  places,  as  in  a  ravine 
crossed  by  the  river-road  nearly  opposite  Ottawa,  and  at  Patrick  Osborn's 
and  Frank  Linter's,  within  1}^  miles  farther  north.  Its  top  in  all  these 
localities  is  about  35  feet  above  the  river;  and  at  Mr.  Osborn's  the  Shakopee 
limestone  is  seen  overlying  It.  At  and  near  Mr.  Linter's  the  sandstone 
forms  three  outcrops,  not  protected  by  its  usual  cap  of  limestone.  The  well 
here  went  througli  soil  and  drift,  5  feet ;  gray  and  white  sandstone,  25  feet, 
sand,  10  feet,  an  unconsolidated  layer  of  this  stone ;  and  white  sandstone, 
as  above,  10  feet.  Water  comes  at  the  bottom,  which  is  probably  near  the 
underlying  limestone. 

At  Jordan  this  sandstone  forms  numerous  outcrops  for  three-fourths  of  a 
mile  along  the  valley  of  Sand  creek.  The  St.  Lavrrence  limestone  Is  found 
beneath  it  here,  as  already  described.  The  stratification  at  this  place  is 
horizontal,  and  the  exposures  are  between  35  and  75  feet,  approximately, 
above  the  river.  Here  and  In  several  outcrops  of  this  rock  occurring  within 
€  miles  northward  in  Ibe  Minnesota  valley,  the  overlying  Shakopee  lime- 
stone is  wanting.  Pour  miles  from  Jordan,  In  the  south  edge  of  Louisville, 
are  extensive  exposures  of  the  sandstone,  rising  about  40  feet  above  the  river. 
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At  the  highway  hrldge  over  Van  Oser's  creek,  these  beds  dip  15°  W.  N.  W., 
owing  to  some  local  disturbance  Which  does  not  fteneraily  affect  this  area. 
Little  Rapids  in  the  Minnesota  river,  one  and  a  half  miles  to  the  west,  is 
caused  by  two  nearly  level  outcrops  of  this  sandstone. 

The  Shakopee  Livutione,  This  bigliest  member  of  the  Lower  Magnesian 
group  is  seen  at  many  places  overlying  the  stratum  last  (iescribed.  It  is  a 
magnesian  limestone  of  buff  color,  often  mottled  in  alternate  red  and  yellow 
tinls.  The  stratification  is  nearly  level  in  beds  from  a  few  inches  to  three 
feet  or  more  in  thickness.  In  some  places,  as  at  Eaaota,  in  the  Asylum 
quarry  at  3t.  Peter,  and  at  Mankato,  a  part  of  these  beds  are  compact  and 
supply  an  excellent  atone  for  every  purpose  in  building  or  monumental  work : 
but  generally  this  rock  is  much  broken  by  little  hollows  and  crevices,  and  is 
of  unequal  texture,  some  portions  being  especially  sandy  or  coarse  in  grain, 
or  having  contorted  and  obscure  lamination.  It  is  burned  extensively  for 
lime  at  Mankato,  Caroline  station,  Ottawa,  Louisville  and  Shakopee.  The 
only  observation  of  any  rock  lying  upon  this  limestone  in  the  Minnesota 
valley  is  at  the  Asylum  quarry,  where  Prof.  Winchell  found  it  covered  by 
two  feet  of  white  friable  sandstone,  with  a  thin  strip  of  green  shale  about 
midway  in  it.  This  is  supposed  to  be  the  St.  Peter  sandstone,  which  is 
known  to  be  next  in  stratigraphic  order  above  this  limestone ;  it  may,  how- 
ever, be  a  Cretaceous  deposit.  The  Shakopee  limestone  in  the  Minnesota 
valley  varies  in  thickness  from  about  50  feet  thus  indicated  here  to  7i.'  or  Ef 
feet  at  Shakopee ;  in  Fillmore  county  it  is  about  75  feet ;  in  Wilmington, 
Houston  county,  it  has  been  found  to  be  S4  feet. 

In  Belgrade,  opposite  Mankato,  about  40  feet  of  Shakopee  limestone  arc 
exposed,  affording  valuable  quarries.  In  a  ravine  about  25  rods  west  of  the 
principal  quarry  here,  the  underlying  Jordan  sandstone  is  seen  for  T  feet 
vertically,  its  top  being  about  30  feet  above  the  river.  At  the  quarries  in 
the  north  part  of  Mankato,  50  feet  of  limestone  is  shown  resting  upon  the 
Jordan  sandstone  at  about  25  feet  above  the  river.  A  terrace  of  these  strata, 
averaging  a  mile  in  width  and  75  feet  in  height  above  the  river,  extends 
thence  7  miles  northward  to  Kasota;  beyond  which  it  is  continued  in 
decreasing  height  on  the  other  side  of  the  river  through  St,  Peter.  The 
railroad  well  at  Easota  station  went  through  drift,  mostly  limestone  gravel, 
8  feet ;  solid  limestone,  21  feet ;  and  sandstone,  6  feet.  Here  and  generally 
in  this  vicinity,  the  base  of  the  limestone  is  about  40  feet  above  the  river ; 
but  it  sinks  to  about  half  this  height  in  going  1>^  miles  northward  in  St. 
Peter,  between  the  railroad  bridge  aud  the  highway- bridge. 

Ottawa  is  situated  on  another  terrace  of  Shakopee  limestone  underlain  by 
Jordan  sandstone.  Their  junction  in  the  bluff  near  Charles  Schwartz'  lime- 
,  kiln,  called  White  Rock  bluff  hy  Dr,  Shumard,  is  about  45  feet  almve  Hie 
river.  The  terrace  generally  rises  20  or  26  feet  higher,  which  is  probably 
the  average  depth  of  the  limestone  remaining  here. 

The  next  extensive  exposures  of  the  Shakopee  limestone  are  found  in 
Louisville,  30  miles  farther  down  the  valley.  Quarries  which  supply  good 
stone  for  foundations  and  bridge  masonry  are  worked  here  on  land  of  Mrs. 
M.  A,  Spencer,  1>,^  miles  aoulh-east  from  Carver.  Here  the  limestone  lias  a 
thickness  of  about  30  feet,  and  4  feet  of  the  Jordan  sandstone  is  visible  below 
it,  their  junction  being  at  12  or  15  feet  above  the  river.  This  is  the  lowest 
point  in  the  valley  at  which  the  Jordan  sandstone  lias  been  seen.     A  terrace 
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of  this  limestone,  40  to  SO  feet  above  the  river,  extends  tlience  two  miles- 
northward.  The  St.  Paul  3s  Sioux  City  railroad  is  built  upon  this ;  and 
close  at  its  east  side  another  terrace,  formed  by  the  upper  part  of  this  lime- 
stone, rises  40  feet  higher.  A  quarry  in  its  top  half  supplies  rock  for  lime- 
burning  at  a  point  a  half  mile  east  from  the  Spencer  quarry.  A  level-topped 
outlier  of  the  upper  terrace  occurs  50  rods  south-west  from  these  lime-kilns. 

At  Shakopee  the  limestone  rises  from  the  river's  edge  to  a  height  of  liO 
feet,  its  upper  20  feet  being  quarried  for  lime.  Beneath  the  terrace  of  saud 
and  gravel  at  the  south  and  south-east,  commonly  called  "  8 h all opee  prairie,"' 
the  limestone  is  found  at  a  depth  of  40  or  50  feet,  its  top  being  61)  to  TO  feet 
above  the  river.  Water  is  obtained  in  the  wells  on  this  terrace  only  after 
drilling  SO  to  50  feet  in  the  limestone.  Thus  Major  H.  B.  Strait's  well,  122 
feet  deep,  is  soil  and  sand,  8  feet ;  clay,  30 ;  limestone,  @4,  its  la<t  5  feet 
being  light  gray  in  color;  water  abundant,  rising  6  feet.  J  A.  Wilder's- 
weli,  112  feet  deep,  is  soil,  2 ;  yellow  stratifled  clay,  .1 :  sand  and  gravel,  inter- 
stratified,  coarsest  below,  3S ;  hard  limestone,  61 ;  quicksand  and  sandstone, 
2  feet,  containing  plenty  of  water,  which  does  not  rise;  "flint  rocks,"  4  feel. 
These  are  within  the  incorporated  limits  of  Shakopee,  Amos  Riggs' well, 
\%  miles' south-cast  from  these,  in  the  S,  E.  >^  of  sec,  18,  Eagle  Cr«ek,  U  119 
feet  deep,  in  order  as  follows :  soil,  2 ;  sand  and  tine  gravel,  3S ;  very  coarse 
gravel,  with  pebbles  up  to  1>^  feet  in  diameter,  10  feet ;  rotten  sandy  lime- 
stone, picked,  5  feet ;  limestone  drilled,  nearly  all  alike,  60 ;  water  cornea 
abundantly  at  107,  not  rising. 

Four  miles  east  of  Shakopee,  on  land  of  Thomas  Durose,  sec.  3,  Eagle 
Creek,  this  limestone  has  a  lowoulcrop  near  the  river,  which  has  been  slightly 
quarried.  About  six  miles  farther  east,  at  Hamilton,  is  the  lowest  point  at 
which  the  Shakopee  limestone  is  seen  in  the  Minnesota  vallej'.  Here  It 
occurs  for  about  ."iO  feet  along  the  bottom  of  theracen'ay  of  Quinn  Brothers' 
mill,  at  a  height  of  20  or  25  feet  above  the  river.  Farther  east  thislime- 
stone  sinks  below  the  level  of  the  river,  and  the  bluffs  of  Fort  Snelling 
and  its  vicinity  are  composed  of  the  overlying  8t.  Peter  sandstone  capped 
by  Trenton  limestone. 

It  is  interesting  to  note  the  nearly  level  position  of  these  very  ancient 
strata,  which  have  scarcely  suffered  any  disturbance  since  their  deposition. 
Alternately  beils  of  limestone  and  sandstone  were  accumulated  upon  the 
floor  of  the  Paleozoic  sea,  and  they  have  been  lifted  GOO  to  KVO  feet  or  more 
without  being  broken  or  tilted.  The  height  above  sea  of  the  base  of  I  he 
Shakopee  limestone  where  it  has  been  observed  within  the  Alinnesota  valley, 
is  at  Mankato,  TSO  to  T!>5  ;  at  Easota,  about  TS5 ;  at  St.  Peter  bridge,  about 
760 ;  at  Ottawa,  "SO ;  and  at  Louisville,  about  720.  The  distance  included  Is 
49  miles  in  a  straight  line. 

The  Lower  Magnesian  group  in  this  valley  is  nearly  destitute  of  fossils. 
In  the  Shakopee  limestone.  Prof.  Winchell  found  OriMt  at  Mr,  Clapp'a 
quarry  for  lime-buming  in  the  S.  E.  V  of  sec.  17,  Easota;  and  Dr.  Shumard 
found  Ungvla  Dakotatruit  and  trilobite  frag^ments  at  Easota,  and  the  same, 
with  another  species  of  Lingula  and  an  OrOu*,  at  the  White  Rock  or  Ottawa 
bluff.  In  the  Jordan  sandstone,  Dr.  Shumard  found  StraparoUu*  Minneto- 
Uit»'i  a  mile  above  Traverse  dcs  Sioux  and  agsin  at  Easota. 

T?ie  Oretaetout.  The  first  important  exposures  of  Cretaceous  beds  found 
in  descending  the  Minnesota  river,  are  In  the  valley  cut  by  the  Redwood 
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river  below  Redwood  Falls,  where  a  lignitic  bed  of  clay  or  shale  has  been 
explored  by  a  drift  to  the  diatance  of  4U  feet.  Thia  bed  varies  from  7  to  2^ 
feet  la  tbickness.  It  is  a  nearly  black,  more  or  leas  clayey  deposit,  and 
contains  mucli  lignite  of  two  kinds,  one  pulverized  or  in  small  fragments, 
reaembliiig  charcoal,  the  other  bard  and  compact,  in  larger  lumps,  appearing 
like  cannel  coal.  In  the  bank  of  Crow  creek,  3)4  miles  below  Redwood 
Falls,  beds  of  the  aame  character,  4  feet  or  more  in  thickness,  and  containing 
leaf  impressions,  have  been  explored  by  drifting  some  200  feet.  They  also 
occur  and  have  been  somewhat  tested  4n  several  other  ravines  in  that 
vicinity.  A  aimilar  coaly  layer,  1}4  feet  thick,  has  been  tunnelled  into  40 
feet  upon  the  east  side  of  Fort  creek,  a  third  of  a  mile  east  of  Fort  Ridgely. 
No  compact,  continuous  seam  of  coal  has  been  yet  found  in  any  of  these 
beds,  though  mnch  search  has  been  made.  The  fragments  obtained  are 
insufficient  in  amount  to  be  of  any  practical  value.  They  are  the  same  with 
the  pieces  of  "charcoal"  and  "stone  coal"  that  are  sparingly  scattered  in 
the  drift  throughout  all  south-western  Minnesota,  so  (hat  frequently  one  or 
two  are  found  in  digging  a  well.  The  origin  of  these  pieces,  which  vary  in 
aizeup  to  3  or  very  rarely  0  inches  in  diameter,  is  from  beds  like  the  foregoing 
that  have  been  plougliod  up  by  the  ice-aheet.  It  appears  nearly  certain 
that  no  workable  coal  deposits  exist  in  this  region. 

Bandy  marl,  horizontally  stratified,  probably  Cretaceous,  is  seen  in  the 
lower  part  of  the  bluS  below  the  Lower  Sioux  Agency,  three  miles  south- 
«ast  from  Crow  creek.  Two  miles  farther  east,  on  the  north  side  of  the 
river,  concretionary  marl  or  limy  earth,  nearly  white,  occurs  in  the  banka  of 
a  small  creek  about  three-quarters  of  a  mile  from  its  entrance  into  the  Min- 
nesota valley.  An  overlying  bed  of  similar  material,  colored  and  hardened 
by  iron-nist,  is  exposed  18  feet  vertically. 

In  New  Ulm  tbe  grading  of  Third  Worth  street  cloae  north-east  of  the 
railroad,  exposes  Cretaceous  clays.  This  cut  la  14  feet  deep  and  200  feet 
long.  Its  upper  4  feet  are  soil  and  drift,  containing  and  overspread  with 
many  boulders  of  granite,  gneiss  and  schists,  up  to  H  feet  in  diameter.  The 
remaining  10  feet  are  curved,  contorted,  and  irregularly  intcrstratified,  red, 
yellow,  green  and  gray  clays.  They  are  free  from  gravel,  but  contain  flat, 
limy  concretions,  in  some  portions  abundant  up  to  one  inch  in  diameter,  and 
elsewhere  joined  in  sheets  a  foot  or  less  in  length  and  a  half  inch  oi  less  in 
thickness,  conforming  with  the  stratification.  These  strata  are  eroded  and 
covered  unconformably  by  the  drift.  The  terraces  on  whicli  New  Ulm  is 
built  have  a  surface  of  drift,  mostly  stratified  gravel  and  sand,  10  to  20  feet 
thick :  underlain  by  beds  that  are  probably  of  Cretaceous  age,  consisting  of 
fine  blue  clay,  bedded,  weathering  white,  4  to  10  feet  thick,  and  sand  or  fine 
gravel,  readily  crumbling  and  containing  rounded  lumps  of  a  fine  white 
povrder,  exposed  20  to  30  feet  vertically.  Deposits  of  clay,  which  have  been 
much  used  for  the  manufacture  of  fire-bricks  and  pottery,  occur  in  the 
banks  of  the  Waraju  or  Big  Cottonwood  river  south-west  of  New  Ulm. 
These  with  associated  sandy  marl,  sandstone,  and  thick  beds  of  sand,  arc 
probably  Cretaceous  deposits.  Other  beds  of  this  period,  consisting  of 
cavernous  and  nodular  gray  limestone,  much  of  which  has  been  burned  for 
lime,  interstratifled  with  green  and  red  clay  and  shale,  occur  on  the  north 
aide  of  the  river  about  a  mile  below  New  Ulm,  being  half  way  between  the 
conglomerate  and  quartzyte,  and  again  a  mile  farther  south-east  on  the 
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louth  aide.    Id  each  place  these  strata  form  a  terrace  ahout  35  feet  above  the 

Eight  CDileH  below  New  Ulm  oa  the  north  side  of  the  river,  Cretaceous 
sandstone  has  been  slightly  quarried  on  land  of  William  Fritz,  in  the  N.  E. 
hi  of  sec.  16,  Courttaod.  It  lies  in  layers  from  1  to  0  feet  thick,  some  of 
which  contain  fragments  of  wood,  charcoal,  and  aagiospermous  leaves. 
Interatratifted  with  these  layers  are  others,  6  inches  to  3  feet  thick,  of  white 
uncemented  sand.  Several  outcrops  are  found  here  and  others  appear  occa- 
sionally for  a  mile  south-eastward,  varying  in  height  from  25  to  40  feet 
above  the  river.  The  same  rock  occurs  again  on  land  of  Henry  Orecnholtz, 
3  miles  south-east  from  the  last,  in  sec.  34,  Courtland,  and  has  been  quarried 
a  little  for  culverts  and  cellar-walls.  Its  outcrop  is  30  rods  south-east  from 
his  house,  and  about  3S  feet  above  the  river.  There  is  an  irregular  slope  at 
each  of  these  localities,  amounting  to  about  50  feet  in  .V^  mile  or  less, 
between  the  foot  of  the  blufls  and  the  river. 

All  the  strata  here  described  and  referred  to  the  Cretaceous  age,  lie  in  a 
nearly  horizontal  position  beneath  the  drift.  They  have  only  yielded  fossils 
In  a  few  places,  and  these  have  been  mostly  obscure  plant  remains  and 
lignite.  Simitar  formations,  containing  characteristic  Cretaceous  fossils, 
have  a  great  development  in  the  region  drained  by  the  upper  Missouri  river. 

The  Shahopee  limestone  at  Mankato,  Bt.  Peter,  and  Ottawa,  contains  in 
its  cavities  and  fissures  singular  deposits  of  greenish  or  bluish  clay,  which 
becomes  white  by  exposure  to  the  weather.  At  the  railroad  bridge  across 
the  Blue  Earth  river,  a  cut  in  this  limestone  shows  hollows  and  crevices 
reaching  20  feet  below  the  top  of  the  rock.  These  cavities  are  water-worn, 
and  their  surface  is  thinly  covered  by  Iron  ore,  from  a  half  Inch  to  an  Inch 
and  a  half  thick.  Within  them,  after  this  ferruginous  crust  was  formed, 
clay  has  been  sifted  and  packed  so  as  to  hll  irregular  spaces,  often  several 
feet  In  diameter,  enclosed  and  partially  covered  by  the  limestone.  The  clay 
here  is  greenish  or  bluish,  weathering  white,  in  some  portions  sandy,  hori- 
zontally bedded,  or  conforming  somewhat  to  the  shape  of  the  hollow  that 
holds  It.  The  quarries  at  St.  Petercontaln  in  clefts  and  water-worn  cavities 
a  similar  greenish  white  silt,  hold mg  much  sand  and  many  angular  Sin ty 
fragments.  At  Ottawa,  John  R.  Clark's  quarry  esposes  a  nearly  vertical 
seam  of  this  clay,  1  to  2  feet  wide,  6  feet  deep  and  extending  lower,  seen 
here  for  S  rods  In  a  nearly  west-to-east  course.  Nearly  In  the  line  of  its 
continuation,  at  25  rods  farther  east,  the  same  clay  was  found  in  Charles 
Needhara'a  well,  in  a  similar  seam,  reaching  down  15  feet  in  the  limestone. 
At  8t.  Peter  and  Ottawa  no  marks  of  stratification  can  be  seen.  None  of 
theae  clays  have  yielded  any  fossils.  Their  probable  origin  has  been  shown 
by  Prof.  Winchell,  who  attributes  them  to  deposition  while  this  region  was 
deeply  covered  by  the  Cretaceous  ocean. 

Glacial  l>rift.  The  presence  at  many  points  in  the  Minnesota  valley  of 
decomposed  granite  and  gneiss,  and  of  Cretaceous  beds,  both  of  which  would 
yield  readily  to  eroding  agencies,  shows  that  the  moving  ice-sheet  did  not 
everywhere  plough  up  all  the  loose  material  under  it.  A  considerable  depth, 
however,  has  probably  been  removed ;  and  these  may  be  scanty  remnants  of 
thick  beds  which  covered  this  region  generally  before  the  glacial  period. 
More  commonly  the  ice-sheet  removed  all  such  material,  and  gathered  a 
part  of  its  drift  from  the  underlying  solid  rocks ;   as  Is  shown  by  their  being 
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mootbed,  and  marked  with  parallel  furrows  Bud 
Similarly  scratclied  pebbles  and  Ijouldere  are  found 
in  the  glacial  drift.  These  were  the  graving  tools  by  which  the  bed. rock 
was  worn  and  striated.  They  were  held  firmly  by  being  frozen  in  the  bot- 
■tom  of  the  ice  and  were  pushed  forward  by  ils  current,  whicli  thus  recorded 
its  direction.  Our  observations  of  strife  are  of  course  limited  to  the  rock 
exposures  seen  along  the  Minnesota  valley,  and  there  many  of  the  rocks  are 
so  disintegrated  by  the  weather  that  these  marks  are  effaced. 

CmiriM  of  Stnie  in  tfie  ValU]/  of  the  Minne*ota  Siver, 
referred  to  the  true  meridian. 
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In  the  topographic  description  of  this  region  it  has  been  pointed  out  that 
this  valley  lies  nearly  midway  between  parallel  terminal  moraines,  which 
«;ttend  from  north-west  to  south-cast,  about  80  miles  .apart ;  that  on  the 
north-east  reaching  from  the  Leaf  hills  to  Glenwood,  Slinuetonha  lake,  and 
Bice  county,  and  that  on  the  south-west  being  the  well-known  massive 
Coteau  des  Prairies.  These  series  of  drift-hills  are  connected  by  a  loop  that 
passes  through  Hancock,  Kossuth  and  Palo  Alto  counties  in  northern  Iowa, 
making  a  single  contemporaneous  series  shaped  like  the  letter  U,  and 
bounding  the  area  covered  by  a  vast  lobe  or  tongue  of  the  ice-sheet.  Near 
tlie  center  of  this  area  the  glacial  current,  as  shown  by  these  strite,  was  in 
the  direction  of  its  axis  or  south-easterly ;  but  in  approaching  its  margin  we 
must  suppose  (hat  it  was  everywhere  deflected  to  a  course  nearly  perpendic- 
ular to  its  terminal  moraine.  The  straight  trunk  and  divergent  branches  of 
a  tree  may  illustrate  our  idea  of  the  axial  uid  marginal  motions  of  the  ice- 
fields upon  this  area.  The  terminal  moraine  accumulated  at  their  border 
has  been  described  under  the  bead  of  topography,  so  far  as  it  has  jet  been 
explored. 

The  most  remarkable  features  of  our  glacial  deposits  are  their  great  depth 
and  extent.  It  has  been  already  stated  that  the  old  rocks  are  almost  every- 
where concealed ;  nor  are  they  reached  by  the  deepest  wells,  which  go  down 
7S  to  250  feet  without  passing  through  the  drift,  except  in  two  or  three 
instancea,  upon  this  entire  area  of  1S,<HI0  square  miles.  Through  all  this 
part  of  the  State  the  drift  probably  averages  as  deep  as  along  the  course  of 
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Minnesota  river,  where  a  chanoel  cut  down  in  many  places  to  tlie  older 
rocks  gliowg  these  superficial  deposits  to  be  from  100  to  200  feet  thick.  We 
are  not  yet  able  to  estimate  what  portion  of  this  material  waa  here  before 
the  glacial  period,  in  the  form  of  decomposed  and  In  part  solid  rock,  Creta- 
ceous strata,  mostly  unconsolidated,  and  the  alluvium  of  rivers.  The  aggre- 
gate of  these  was  great,  but  it  seems  probable  that  this  thick  drift-sheet 
includes  in  addition  to  these  materials  an  equallj  large  amount  brought  by 
the  ice-current  from  areas  farther  north. 

Till,  or  unmodified  glacial  drift,  known  also  as  hardpan  or  boulder-clay, 
consisting  of  clay,  sand,  gravel,  and  boulders,  mixed  indiscriminately 
together,  makes  up  nearly  the  whole  of  this  great  mass  of  superficial  deposits ; 
excepting  the  lacustrine  plain  of  the  Bed  River  valley,  filled  by  Lake  Agaasiz 
during  the  retreat  of  the  ice-sheet,  and  the  east  part  of  Becker  and  Otter 
Tail  counties,  which  are  mainly  modified  drift.  Very  finely  pulverized  rock, 
forming  a  stiff,  compact,  unctuous  clay,  is  the  principal  ingredient  of  the 
till  upon  this  area,  whether  at  great  depths  or  at  the  surface.  The  admix- 
ture of  sand  and  gravel  is  somewhat  variable,  bclog  often  greater  in  the 
upper  than  in  the  lower  part  of  the  till.  It  is  rarely  enough  to  cause  the 
side  of  a  well  or  cellar  to  fall  down  at  the  time  of  excavation.  Layers  of 
sand  and  gravel  are  frequently  enclosed  in  the  till.  They  are  commonly 
from  a  few  inches  to  a  few  feet  in  thickness,  and  often  are  filled  with  water. 
At  considerable  depths  the  water  is  generally  under  hydrostatic  pressure, 
which  causes  It  to  rise  in  wells  to  within  10,  20  or  30  feet  below  the  surface, 
sometimes  even  overflowing.  Thick  beds  of  stratified  gravel,  sand  and  clay, 
varying  from  10  to  50  or  75  feet,  also  occur  occasionally  below  till,  wJiich 
is  again  found  beneath  them  where  these  stratified  deposits  have  been 
penetrated. 

The  till  is  also  found,  even  where  not  so  divided  by  intercalations  of  mod- 
ified drift,  to  be  in  massive  beds  which  differ  from  each  other  as  to  color, 
hardness,  and  relBlive  proportions  of  clay,  sand,  and  stones,  these  changes 
being  often  noticed  together  at  a  definite  line.  The  most  notable  distinction 
in  color  is  that  the  upper  part  of  the  tilt,  to  a  depth  that  varies  from  S  to  50 
feet,  but  is  most  commonly  between  10  and^O  feet,  is  yellowish,  due  to  the 
infiuence  of  air  and  water  upon  the  iron  contained  in  this  deposit,  changing 
it  from  the  protoxide  state  to  hydrated  sesquioxide.  At  greater  depths  the 
color  is  much  darker  and  usually  bluish.  In  a  few  instances  a  yellow  bed  of 
till  Is  reported  beneath  or  enclosed  In  the  blue  till.  Several  observations  show 
that  the  yellow  color  of  the  till,  in  its  upper  portion,  has  been  mainly  pro- 
duced by  exposure  to  the  weather  since  its  formation,  and  was  not  probably 
occasioned  by  differences  in  the  conditions  of  its  accumulation  In  and 
beneath  the  ice-sheet. 

Another  important  diflerence  in  the  till  is  that  its  upper  portion  la  more 
commonly  softer  and  easily  dug  with  a  shovel,  while  below  there  is  a  sudden 
change  to  a  hard  and  compact  deposit,  which  must  be  picked  and  is  often 
three  times  as  expensive  for  excavation.  There  is  frequently  a  thin  layer  of 
sand  or  gravel  between  these  kinds  of  till,  which  have  their  division  line  at 
a  depth  that  varies  from  G  to  30  or  very  rarely  40  feet.  Owing  to  the  more 
compact  and  impervious  character  of  the  lower  till,  the  change  to  a  yellow 
color  is  usually  limited  to  the  upper  till.    There  are  instances,  however, 
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where  this  weaihering  has  pot  readied  to  the  line  that  divides  the  softer 
from  the  harder  till,  aod  others  nhere  it  has  extended  conaiderablf  iDirer. 
The  probable  cause  of  this  difference  in  hardness  was  the  pressure  of  the 
vast  weight  of  the  ice-sheet  upon  the  lower  liil,  while  the  upper  till  was 
contained  in  the  ice  and  dropped  loosely  at  its  melting. 

Again,  in  numerous  places  the  upper  till  as  here  described  is  directlv 
underlain  b;  a  softer  till,  moist  and  sticky,  and  dark  bluish  in  color.  This 
is  usually  of  considerable  thickness,  or  between  20  and  50  feet.  It  often 
encloses  or  is  underlain  by  beds  of  water-bearing  sand  ;  but  occasionally  it 
has  been  penetrated  and  is  found  to  lie  directly  upon  a  bed  of  very  compact 
till,  such  as  usually  comes  next  below  the  upper  till.  In  some  cases  this  soft 
and  moist  deposit  is  evidently  stratified  clay,  free  from  gravel  or  only  hold- 
ing here  and  there  a  stone,  and  all  varieties  appear  to  be  found  between  this 
and  an  unstratified  and  very  pebbly  till ;  as  indeed  it  may  be  that  the  latter 
in  different  localities  shows  all  giadations  from  its  occasionally  very  soft 
character,  where  a  shovel  can  be  easily  thrust  into  it  to  the  depth  of  a  foot 
or  more,  to  the  hardest  deposits  of  the  lower  till  In  which  a  pick  can  be 
driven  only  an  inch  or  two  at  one  blow. 

The  few  bods  found  in  this  district  which  contain  shells  or  trees  that 
flonrislied  in  iuterglacial  epochs,  lie  beneath  two  distinct  beds  of  till,  the 
lower  sometimes  showing  its  usual  hard  and  compact  cliaracier,  but  else- 
where being  even  softer  than  the  upper  till. 

Excepting  the  division  into  beds  as  before  described,  the  till  is  an  entirely 
unstratiBed  deposit.  There  has  been  do  assortment  by  water  of  its  mate- 
rials, and  the  coarsest  and  finest  are  mingled  confusedly  in  the  same  mass. 
Often  a  thickness  of  fifty  feet  or  more  exhibits  no  evidence  of  stratification. 

Small  rock -fragments,  var3'ing  in  size  up  to  the  dimension  of  six  inches, 
are  usually  numerous  and  scattered  through  all  parts  of  the  till ;  they  are, 
however,  seldom  aliundant,  and  arc  sometirocs  so  few  that  in  well-boring 
none  might  be  encountered.  Boulders  of  larger  size  are  less  frequent,  and 
often  a  well  or  even  a  railroad  cut  in  till  fails  to  display  any  of  greater 
diameter  than  2  or  3  feet.  Again  several  may  be  found  of  various  sizes  up 
to  5  or  perhaps  7  or  8  feet.  They  appear  to  be  usually  more  numerous  In 
the  upper  part  of  the  till  than  below.  The  number  of  boulders  over 
one  foot  In  size  to  be  found  generally  upon  the  surface  varies  from  one  or 
two  to  ten  on  an  acre  ;  but  often  they  are  more  scarce,  so  that  perhaps  a 
dozen  could  not  be  gathered  on  a  square  mile.  Terminal  and  medial 
moraines  usually  contain  both  email  and  large  boulders  somewhat  more 
abundantly,  and  very  rarely  they  are  so  plentiful  as  to  cover  half  the  ground ; 
their  greater  numbers  being  the  most  important  difference  between  the  till 
forming  the  morainic  hills  and  that  spread  in  gently  undulating  or  nearly 
level  tracts. 

The  largest  boulder  seen  in  the  first  seven  weeks  of  my  exploration  for 
this  survey  was  on  the  hills  of  Langhei,  the  highest  in  Pope  county.  It 
measured  12  bj  9  feet,  and  rose  3  feet  above  the  surface,  probably  having  an 
equal  amount  buried.  This  was  the  only  boulder  seen  during  this  time  that 
exceeded  eight  feet  in  diameter,  though  the  area  traversed  was  almost 
entirely  till  and  included  the  Leaf  hills  and  the  continuation  of  this  moraine 
for  100  miles  thence  to  the  south  and  south-east.  Larger  blocks  than  the 
foregoing  were  seen  only  in  the  valley  of  the  Minnesota  river,  the  most 
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■otable  being  In  Big  Stone  county,  where  two  boulders,  about  30  and  about 
SO  feet  in  diameter,  lie  nesr  the  railroad  between  Correlland  Odessa  Btations. 
Nearly  all  the  large  boulders  throughout  this  whole  region  are  granite  or 
gaeiss,  with  occuionallf  one  of  some  crystalline  schist  or  of  magueslsn 
limestone. 

The  thick  and  almost  nniTersal  mantle  of  drift  prevents  tt  reference  of  the 
varieties  of  these  rocks  to  their  sources.  In  general,  the  great  representa- 
tion of  metamorphic  rocks  indicates  that  these  probably  occupy  the  greater 
part  of  this  are*,  extending  in  a  wide  belt  from  the  Hinnesota  river  to  their 
large  tract  in  the  north-east  part  of  the  8t«te.  The  limestone,  belonging  to 
a  period  later  than  that  of  the  St.  Lawrence  and  Sbakopee  limestones,  quite 
probably  occurs  in  place  lienesth  the  drift  in  the  north-west  part  of  the 
r«gion  here  reported,  as  is  indicated  by  the  well  already  mentioned  at  Her- 
man, by  Owen's  note  of  limestone  on  the  Red  river  above  Fergus  Falls,  and 
by  the  great  abundance  and  large  size  of  its  boulders  at  localiUes  near 
Audubon  and  Wliite  Earth  Agency  in  Becker  county.  Northward  it  out- 
crops near  Winnipeg,  and  many  of  its  boulders  in  our  drift  may  have  been 
carried  this  distance  of  200  miles  or  more  in  the  Ice-sheet.  The  proportion 
of  limestone  through  the  north-west  part  of  our  district  averages  one-tenth 
or  less  of  boulders  exceeding  a  foot  in  diameter,  while  of  small  pebbles  it 
often  constitates  half  in  bulk  and  more  thin  half  In  number.  Hsndfuls  of 
pebbles  taken  from  stratified  drift  at  Hawley,  In  Clay  county,  showed  125  of 
limestone,  with  TO  of  granites  and  schlste ;  at  Muskoda,  they  were  44  and 
S6 :  five  miles  north  of  Breckenridge,  two-thiids  of  the  pebbles  in  a  gravel 
bank  beside  the  Red  river  are  limestone.  South-eastward  a  less  proportion 
of  limestone  Is  generally  fonnd,  and  its  abundance  as  boulders  or  pebbles 
seems  to  be  confined  to  occasional  areas  a  few  miles  or  less  in  extent. 

Records  of  wells,  noting  the  order,  thickness,  and  character  of  the  various 
strata  passed  through,  have  been  gathered  in  every  part  of  the  region  here 
reported.  The  total  number  of  wells  thus  noted  la  £82.  Of  these  97  are  in 
localities  which  showed  only  modified  drift;  about  an  equal  number  left  off 
In  the  upper  till,  or  in  beds  of  modifled  drift  lying  below  It,  without  going 
deep  enough  to  reach  the  lower  till ;  about  30  were  recorded  because  of  their 
sudden  rise  of  water,  or  for  some  other  reason,  without  obtaining  any  par- 
ticulars as  to  the  material  penetrated  ;  and  a  few  were  In  the  rock-forma- 
tions of  the  Minnesota  valley ;  leaving  SS4  wells  tliat  show  both  the  yellow 
and  blue  tills,  in  which  the  depth  of  the  change  of  color,  the  occurrence  of 
intercalated  layers  of  modifled  drift,  and  generally  the  relative  hardness  of 
the  upper  and  lower  tills  were  noted.  Of  the  last  class,  1S2,  or  more  than 
half ,  found  the  lower  till  notably  harder  than  the  upper  till;  and  of  this 
number,  S3  had  a  layer  of  sand  or  gravel  between  these  beds  of  boulder-clay. 
The  yellow  color  Is  almost  always  limited  by  the  line  or  atratifled  beds 
between  these  tills ;  and  where  the  stratified  drift  Is  wanting,  a  sudden  and 
well-marked  change  Is  noticed  In  hardness,  color,  and  often  in  material. 

Soft  and  moist,  dark  bluish  till,  stony  and  unstratifled,  underlies  the  upper 
till  in  4S  instances,  In  B  of  them  being  separated  from  the  upper  till  by  sand 
and  gravel  from  2  Inches  to  4  feet  thick.  Two  of  these  beds  of  lower  till 
had  their  first  few  feet  hard  and  were  soft  below.  In  21  other  Instances 
there  were  found  beds  of  more  or  less  plainly  stratified,  soft,  dark  bluiah 
clay,  which  sometimes  was  free  from  all  pebbles,  and  elsewhere  was  quite 
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pebbly,  or,  though  generally  free  from  gmvel,  yel  contained  rarely  itonet  of 
various  sizes  Up  to  one  foot  in  diameter.  Of  these  12  lay  directly  below  the 
upper  till,  and  9  were  )>elow  both  tills  bed  and  another  of  hard  and  compact 
lower  till,  Thethicknessof  these  i)ed8  of  till  or  of  stratified  clay  varies  from 
5  to  es  feet ;  in  30  caees  it  exceeded  26  feet. 

The  average  thickness  of  the  upper  till  in  256  wells  where  it  is  underlain 
by  much  harder  lower  till,  or  by  beds  of  modified  drift,  ia  17  feet.  The 
extremes  are  3  to  5  feet  and  40  feet.  Examples  were  found  where  both  the 
thinnest  and  thickest  of  its  beds  were  underlain  here  by  modified  drift  and 
Ibere  by  typical  lower  till.  About  a  quarter  part  of  the  deep  wells  in  till 
found  no  noticeable  difference  between  its  upper  and  lower  portions  except 
tliftt  of  color. 

Water-bearing  gravel  and  sand,  lying  in  a  nearly  horizontal  layer  from  a 
few  inches  to  five  feet  in  thickneaa,  were  found  in  14S  instances  at  depths 
in  the  lower  till  varying  from  30  to  265  feet.  The  water  almost  always 
rises  from  these  beds,  sometimes  very  suddenly  and  with  much  force. 
At  Audubon,  In  Becker  county,  water  was  struck  at  60  feet,  after  boring 
through  compact  till,  and  its  pressure  was  so  great  that  It  instantly 
threw  up  the  auger  and  shafting,  weighing  600  pounds,  twenty  feet,  filling 
the  boring  with  gravel  to  that  height.  In  three  minutes  it  rose  and  stood 
at  two  feet  below  the  soiface.  Two  wells  In  Hamden,  a  few  miles  to  the 
north,  about  75  and  100  feet  deep,  find  water  at  the  bottom  which  rises  and 
permanently  overflows.  Other  flowing  wells  are  found  In  Wilkin,  Traverse, 
Oront,  Douglas  and  Chippewa  counties.  The  deepest  well  found  Is  that 
bored  for  the  railroad  at  Stewart,  in  HcLeod  county,  whore  the  water  rises 
from  a  depth  of  266  feet  and  stands  at  6  feet  below  the  surface.  In  moat 
places  a  sufllcient  supply  of  water  for  common  needs  seeps  into  the  well 
from  the  lower  part  of  the  upper  till  or  is  furnished  by  springe  found  in 
thin  seams  of  sand  or  gravel  next  below  this,  or  within  19  or  20  feet  in  the 
lower  till.  The  water  in  these  wells  usually  rises  slowly,  allowing  plenty  of 
time  for  walling  them ;  or  often  it  is  under  no  pressure,  and  a  reservoir  must 
be  dug  below  Its  source.  The  experience  of  well-diggers  frequently  demon- 
strates that  veins  of  gravel  and  sand  filled  with  water  underpressure  may  be 
quite  narrow.  Thus  of  several  wells  near  together  one  only  will  encounter  the 
vein, though  theothersgomuch deeper.  Theupward  pressureand  abundant 
supply  of  water,  however,  show  that  though  narrow  the  vein  !a  continuous 
through  a  considerable  distance  and  descends  from  a  higher  level.  It  Is 
probable  that  many  of  these  courses  of  gravel  and  sand  were  formed  by 
small  sub-glacial  streams. 

Stratified  beds  of  gravel,  sand  or  clay  were  found  between  the  upper  and 
lower  till,  or  lay  beneath  the  upper  till  and  were  not  passed  through,  in  127 
wells;  77  of  which  showed  2  feet  or  less  of  this  modified  drift;  22  had 
between  2  and  10  feet ;  7  between  10  and  20 ;  and  21  had  from  20  to  70  feet. 
The  thickest  of  these  beds  were  seldom  penetrated.  The  west  range  of 
townships  in  Otter  Tail  county  may  be  mentioned  as  a  tract  in  which  such 
large  deposits  of  modified  drift  are  frequently  found  under  a  comparatively 
thin  surface  of  upper  till. 

Massive  deposits  of  stratified  gravel  and  sand  in  or  beneath  the  lower-  till 
were  found  in  43  wells.  The  lower  till  above  the  modified  drift  in  these 
wells  averages  26  feet  thick,  its  exttemee  being  S  and  03  feet.    The  under- 
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Iving  grave]  sod  Mnd,  with  Ujers  of  clay  in  lome  ItutdDcea,  avenge  17  teet, 
and  range  from  5  to  70  feet  in  tliickness. 

Interglacial  epochs,  In  which  aninwb  and  plants  lived  upon  thU  area,  are 
proved  by  their  remains  preserved,  evidently  where  they  were  living,  instrat- 
iSed  beds  underlain  and  overlain  by  till.  Such  foBsiliferouA  hodi,  liowever, 
are  veiy  rarely  found  in  this  region,  and  tlie  following  enumeration  includes 
all  that  have  come  to  our  linowledge.  In  eec.  30,  Blakely,  Scott  county,  W. 
R  Salisbury's  well  was  yellow  till,  IS  feet;  blue  till,  30  feet;  and  "mud,  like 
a  lake  bottom,"  three  feet,  thig  lowest  bed  containing  many  shells,  grass, 
and  apparently  grains  of  wild  rice.  In  Hutchinson,  5  miles  east  of  the  vit- 
Jage,  the  well  at  Nancy  Nutt's,  in  8.  E.  ^  of  sec.  3S,  wu  upper  till,  14  feet ; 
much  harder  lower  till,  16  feet ;  and  gray  sand,  2  feet,  the  last  containing 
abundant  snail-shells,  like  those  now  living  in  our  lakes.  S.  D.  Hoss'  well, 
}i  mile  east  of  this,  was  similar,  finding  at  the  bottom  a  bed  of  sand  filled 
with  these  shells.  At  Olivia  station,  In  sec.  7,  Bird  Island,  Itenville  county, 
the  well  at  Lincoln  Brothers'  mill  was  yellow  till,  picked,  10  feet;  softer  but 
more  rocky  blue  till,  9  feet ;  very  hard  ,blue  tilt,  1  foot ;  and  quicksand,  4 
feet.  A  log,  apparently  tamarack,  8  Inches  In  diameter,  with  several 
smaller  sticks  and  twigs,  lay  across  this  well,  embedded  in  the  top  of  the 
iiuicksand.  They  were  chopped  off  at  each  side.  G.  W.  Burch,  2  miles 
south-west  from  this,  in  sec.  M,  Troy,  found  upper  till,  18  feet ;  dry,  yellow 
sand,  4  feet ;  soft  blue  till,  15  feet ;  black  loajn,  perhaps  an  interglacial  soil, 
2  feet;  and  gray  quicksand,  4  feet,  its  upper  part  containing  a  log  and 
smaller  sticks  like  the  foregoing.  Several  other  wells  within  one  or  two 
miles  ahont  Olivia  show  similar  remains  of  a  deeply  buried  tamarack  swamp. 
At  Bamesville,  in  Clay  county,  John  Marth's  well  was  till,  12  feet ;  then, 
quicksand,  1  fool,  containing  several  sticks  of  tamarack  up  to  3  inches  in 
diameter,  lying  across  the  well,  which,  together  with  the  inQow  of  water, 
prevented  farther  digging.  In  the  N.  B.  >4  of  sec.  28,  t.  13S,  r.  47,  Wilkin 
county,  C.  K  Qleason's  well  was  upper  till,  S  feet ;  gray  sand,  ^Inch;  much 
harder  lower  till,  18  feet ;  underlain  by  sandy  black  mud,  containing  many 
snail-shells.  The  two  last  are  within  the  area  that  was  afterword  covered 
by  Lake  Agassiz.  Ail  these  wells  found  a  supply  of  water  in  the  beds  con- 
taining the  fossils  and  therefore  stopped  before  reaching  the  till  which 
oli^ost  certainly  underlies  them.  The  locality  flrst  mentioned.  In  Blakely, 
is  Just  at  the  top  of  the  bluffs  of  Minnesota  river,  so  that  the  entire  depth  of 
the  drift  at  this  place,  composed  about  wholly  of  till,  is  known  to  be  more 
than  three  times  that  of  the  well.  The  drift  is  probably  of  equal  thickness 
In  the  other  places ;  and,  as  shown  by  numerous  wells  125  to  2flS  feet  deep, 
it  is  generally  composed  of  till,  enclosing  occasional  stratified  beds.  Two 
other  instances  in  which  shells  were  fonnd  by  wells  in  till,  at  Stewart  and 
near  Campbell,  but  where  nothing  definite  has  yet  been  learned  about  them; 
shells  found  in  the  brick  clay  at  Chaska  overlain  by  till ;  and  a  tamarack 
swamp  at  Fergus  Falls,  buried  under  12  feet  of  very  coarse  fluvial  deposits, 
complete  this  list.  Though  these  examples  are  few  In  number,  they  yet  are 
regarded  as  undeniable  evidence  that  animals  and  plants  occupied  the  land 
during  temperate  Interglacial  epochs,  preceded  and  followed  by  an  arctic 
climate  and  Ice-sheeti  like  those  now  covering  the  Interiorof  Greenland  and 
the  Antarctic  continent.    The  occurrence  of  interglacial  shells  and  trees  In 
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the  Red  rlrer  Talle;  appears  to  prove  tbat  the  departure  of  the  Ice  Id  their 
epoch  was  snfflcieiit  to  allow  the  drainage  of  this  vallej  northward. 

If  euccessive  Ice-sheelB  have  thug  been  accumulated  and  pushed  forward 
upon  this  area,  some  of  them  doubtless  formed  terminal  moraines,  whlcli 
were  afterword  covered  and  their  mounds  and  hills  of  coarsely  rocky  drift 
spread  In  a  nearly  level  stratum  by  the  more  extended  Ice-iheet  of  a  later 
epoch.  Such  a  buried  moraine  la  exposed  by  the  deep  ohannel  of  the  upper 
Minnesota  river.  The  till  here  is  found  to  contain,  at  a  depth  of  40  or  SO 
feet  below  the  general  surface,  a  stratum  that  abounds  in  bonlders,  uauallj' 
producing  a  narrow  shelf  or  terrace  upon  the  bluSs.  About  Gorrell  station, 
in  Big  Stone  county,  this  rocky  layer  In  the  till  has  caused  an  extensive  plain 
to  be  left  in  the  process  of  erosion,  60  feet  below  the  top  of  the  bluffs  and 
about  7G  feet  above  the  river.  It  Is  eveiywhere  plentifully  strown  with 
boulders,  and  in  some  portions  these  occur  In  heaps  and  patches  covering 
halt  the  ground.  The  deserted  channels  north-east  of  Lac  qui  Parle  fre- 
quently have  their  bed  upon  this  stratum  of  boulders.  Its  exposures  along 
the  Minnesota  valley  were  seen  In  many  places  through  a  distance  of  90 
miles,  extending  from  the  Gorrell  plain  to  a  point  three  miles  below  the 
mouth  of  the  Yellow  Medicine  river. 

Mod^ed  Drift.  In  addition  to  the  beds  of  modified  drift  enclosed  in  the 
till  or  lying  below  it,  other  accumulations  deposited  by  water  occur  on  the 
surface  of  areas  whioh  are  mainly  till.  They  consist  of  In terstratl fled  gravel 
and  sand  in  knolls  or  mound*  that  rise  10  to  20  feet  above  the  general  level. 
These  are  seldom  very  numerous,  and  are  rarely  extended  in  ridges  or  in  any 
noticeable  series.  Their  origin,  however,  was  probably  similar  to  that  of 
the  gravel  ridges  or  kamei  which  often  form  long  series  in  other  drift 
regions,  being  the  deposits  of  glacial  rivers  poured  down  from  the  surface 
of  the  melting  ice-flelds.  The  only  place  where  kames  of  the  usual  type 
have  been  observed,  occurring  as  well-marked  parallel  ridges  of  Intcrbedded 
gravel  and  sand,  U  two  miles  south-east  of  Lake  Johanna  In  Pope  county. 
Hei«  they  are  from  2G  to  7G  feet  high,  extending  two  miles  from  north  to 
south,  and  the  land  at  each  side  Is  modified  drift.  A  leas  typical  ridge  of 
this  kind  forms  the  west  shore  of  Wall  lake,  five  miles  east  of  Fergus  Palls. 
The  lake  deposits  of  the  Red  River  valley  have  been  partially  deccribed, 
and  their  origin  treated  of,  in  an  earlier  part  of  this  report.  A  section  of 
these  beds  at  Glyndon,  shown  by  a  boring  at  the  elevator  of  G.  8.  Bamte  & 
Co.,  was  soil,  3  feet ;  quicksand,  22  feet  j  dark  clay,  free  from  stones,  7S  feet ; 
very  hard  yellowish  till,  IS  feet ;  softer  till,  10  feet.  In  Moorhead  the  well 
at  John  Erickaon's  brewery  was  light-colored  clay,  20  feet ;  quicksand,  4 
feet ;  blue  clay,  with  gravel  and  boulders,  SO  feet ;  underlain  by  sand  from 
which  water  rose  immediately  about  80  feet.  A.  H.  Moore's  well  at  Fargo,  , 
within  a  mile  west  from  thelast,  was  similar,  being  yellow  clay,  IS  feet ;  sand, 
3  feet ;  dark,  bluish  clay,  77  feet,  free  from  pebbles,  excepting  In  Its  last 
two  feet  1  underlain  by  sand  from  which  water  rose  to  7  feet  below  the  sur- 
face. At  Oeorgetown,  IS  miles  north  from  these,  a  well  80  feet  deep  was 
wholly  In  stratified  clay,  yellowish  for  about  10  feet  at  the  top  and  dark 
bluish  below,  finding  no  sandy  layers  and  no  watar. 

The  modified  drift  which  covers  the  greater  part  of  eastern  Becker  and  Otter 
Tail  counties  is  in  contrast  with  this  plain  of  lacustrine  clay,  being  almoat 
wholly  sand  and  fine  gravel,  sometimes  level,  ag^u  moderately  undulating. 
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snd  occMionall;,  u  ftt  Detroit,  in  awella  uid  lulls  2G  to  40  feet  high.  These 
deposits  Are  Dot  often  penetrated  \>j  wells,  which  show  tbem  to  be  in  some 
placet  at  least  80  feet  deep.  Soathward,  similar  accumnlsUons  of  etnd  and 
gravel  are  found  in  the  east  edge  of  Douglas  and  Pope  counties,  while 
«sstward  they  have  a  large  extent  outside  the  limits  of  this  report.  They 
ttre  believed  to  have  been  deposited  bj  descending  floods  produced  and 
freighted  bj  s, departing  Ice-sheet,  which  appears  to  have  sloped  toward  this 
area  from  the  west,  north,  and  east. 

Olaclal  melting  also  flUed  the  great  valleys  with  stratified  gravel,  sand  and 
clay.  Clearwater  and  Honticello  prairies  in  Wright  county  are  expansions 
of  this  glacial  fiood- plain  of  the  Hisdsdppi.  Since  the  ice-age  the  river  baa 
channelled  out  and  carried  away  much  of  these  deposits,  leaving  remnants 
upon  each  side.  At  Honticello  and  Clearwater  these  plains  of  modified  drift 
are  TO  to  SO  feet  above  the  river.  Between  them  and  the  bottomland,  or 
flood-plain  of  the  present  time,  an  Intermediate  terrace  is  frequently  seen. 
Slonticetlo  village  is  situated  on  such  an  area,  about  SS  feet  above  the  river. 
Northward,  at  St.  Cloud  and  Bralnerd,  the  old  flood-plain  is  about  SO  feet 
high ;  to  the  southeast  it  descends  a  little  faster  than  the  river,  its  height 
being  4A  feet  at  Dayton,  and  from  2S  to  30  at  the  head  of  St.  Anthony's  falls. 

The  valley  of  the  Minnesota  river  from  Hankato  to  its  mouth  was  also 
filled  with  modified  drift.  Its  remnants  include  a  terrace  3  miles  long  east 
«nd  south  of  Kosota;  the  "sand  prairie"  about  4  miles  long  and  averaging 
a  mile  wide,  west  and  north  of  St.  Peter ;  Le  Sueur  prairie,  6  miles  long  and 
from  1  to  3  miles  wide,  beginning  east  of  Ottawa  and  reaching  to  Le  Sueur ; 
the  plain  S  miles  long  and  a  mUe  wide,  near  the  middle  of  which  Belle  Plalne 
is  built;  Spirit  hill  and  "sand  prairie,"  south-west  and  north-west  of  Jordan; 
a  terrace  8  mUea  long  and  varying  from  a  few  rods  to  2  miles  in  width, 
«xtending  through  San  Francisco,  Dohlgren,  and  Carver;  and  Uiakopee 
prairie,  6  miles  long  and  averaging  one  mile  wide.  The  lieight  of  these 
plains  at  Kasota,  Bt.  Peter,  and  Le  Sueur,  is  about  ISO  feet  above  the  river ; 
St  Belle  Plaine,  about  135 ;  and  at  Jordan,  Carver,  and  Shakopee,  about  129. 
Wells  on  the  "sand  prairie"  near  St.  Peter  and  on  Le  Sueur  pr^rie  go 
through  sand  and  gravel,  sometimes  with  layers  of  clay,  to  the  depth  of  79 
or  100  feet,  finding  till  below.  At  Belle  Plaine  the  sand  and  gravel  are  about 
flO  feet  deep,  underlain  by  tlU.  Shakopee  prairie  has  40  or  SO  feet  of  this 
modified  drift,  lying  upon  limestone.  The  principal  remnant  of  these 
deposits  seen  below  Shakopee  was  a  temce  about  TS  feet  high,  }4  io  }^  mite 
wide,  and  4  miles  long,  extending  through  Eagan  in  Dakota  county,  its 
north  end  being  about  2  miles  south  of  Fort  Snelling.  This  valley  was  first 
«xcavated  In  till,  which  rises  In  continuous  bluffs  on  each  side  50  to  100  feet 
above  these  high  plains  and  terraces  of  modified  drift.  It  was  afterward 
filled  for  60  miles  next  to  its  moutb  with  fluvial  deposits  75  to  150  feet  thick, 
sloping  about  2  feet  per  mile,  through  which  the  channel  has  been  cut  anew. 
Above  Hankato  the  valley  rarely  shows  any  similar  remnants  of  modified 
•drift ;  and  those  which  are  found  appear  to  have  been  part  of  local  accumu- 
lations, rather  than  of  a  continuous  fiood-plain.  Further  remarks  relating 
to  the  orgln  of  the  modified  drift  In  this  valley  are  to  be  found  in  the  descrip- 
tion, under  the  ensuing  division  of  this  report,  of  the  brick  clays  at  Chaska, 
Carver,  and  Jordan. 
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KcoHOMic  flKOLoor. 

The  chief  contributions  to  the  wealth  ol  UlnneMta,  derived  directlf  from 
geological  fonnstionB  in  this  district,  ore  bricks,  lime,  and  quarried  stone. 
Esplorationa  made  for  coal,  its  mode  of  occurrence,  and  the  improbability 
that  it  uiflts  liere  in  any  valuable  amount,  have  t>een  spoken  of  in  our 
account  of  the  cretaceous  strata.  No  ores  of  any  pmctical  importance  have 
been  found.  The  principal  reaouroes  of  tliis  part  of  the  Bta(e  are  the  pro- 
ducts of  its  invariably  fertile  soil,  and  the  wator-powers  aSoided  by  many 
of  its  streams,  which,  by  using  their  lakes  for  reservoirs,  may  be  made  nearly 
uniform  in  flow  throughout  the  year. 

Brick*.  Notes  respecting  the  manufacture  of  bricks  have  been  gathered 
wherever  this  work  is  done,  and  part  of  these  are  here  presented.  The 
material  employed  is  usually  stratified  clay,  belonging  to  tlie  modified  drift ; 
sometimes  along  Minnesota  Biver  it  is  the  alluvium  now  being  deposited  al 
every  season  of  high  water ;  and  rarely,  a*  at  Fergus  Falls,  the  clay  used  ia 
brick-making  appean  to  be  a  true  till,  in  which  portions  quite  free  from 
g:ravel  can  be  selected.  The  bricks  made  from  tlie  recent  alluvial  clay  are 
red,  but  nearly  all  others  throughout  this  region  are  cream -colored,  this 
difference  being  due  to  the  state  of  chemical  combination  assumed  during 
the  process  of  burning  by  the  iron  which  these  clays  contain. 

The  following  statements  show  the  extent  of  this  industry  In  the  VaUcy 
of  Minnesota  liiver,  where  bricks  are  made  at  many  places,  among  which 
Cbaska  leads  with  a  yearly  product  of  about  seven  millions.  The  order  Is 
that  found  in  ascending  the  river. 

At  Shakopee,  Schncder  Brothers  have  made  bricks  4  years ;  annual  pro- 
duct, 700,000,  selling  at  (G  per  M.  Alluvial  clay  is  used,  with  admixture  of 
one  part  sand  to  two  of  clay. 

At  Chaska  four  companies  are  engaged  in  this  business,  all  upon  an  area 
about  an  eighth  of  a  mile  In  extent.  This  clay  is  modified  drift  of  Intergta- 
cial  ago.  It  varies  from  20  to  40  feet  in  thickness,  being  underlain  by  sand 
and  covered  by  till  from  2  to  6  feet  thick,  holding  boulders  of  all  sizes  up  to 

5  or  S  feet  in  diameter,  many  of  which  are  planed  aud  striated.  This  till 
fonns  the  surface,  25  to  30  feet  above  the  river.  The  only  fossils  found  here 
were  fresh-water  mussel  shells,  which  occurred  in  considerable  numbers 
upon  a  space  four  rods  in  diameter  near  the  middle  of  Gregg  &  Oriswold's 
excavation,  lying  in  the  upper  foot  of  the  clay,  Just  beneath  the  till.  Brick- 
making  was  begun  here  twelve  years  ago,  and  has  been  steadily  increasing 
to  the  present  time.    The  firet  yard  worked  has  been  now  ownod  by  Orcgg 

6  Qriswold  six  years.  Their  yearly  produci  is  about  2SO0  thousand,  selling 
at  |£  to  (6  per  M.  From  40  to  SO  men  are  employed  for  six  months.  Sand 
is  mixed  tn  varying  proportions  according  to  the  quality  of  the  clay,  the 
average  being  about  one  pari  in  ten.  This  company  have  machinery  and 
room  to  make  40  thousand  bricks  daily.  L.  Warner  makes  about  two  mil- 
lions yeariy,  employing  30  men.  The  proportion  of  sand  used  is  from  one- 
fourth  to  one-seventh.  TViest  &  Eruze  make  IGOO  thousand  yearly,  having 
20  men.  The  two  last  yards  have  been  operated  al>out  $  years.  Schlafle, 
Strobach  &  8treissguth  began  three  years  ago,  and  in  IBTS  made  900 
thousand ;  during  lhl9,  they  expected  to  make  three  millions,  employing 
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At  Carver  the  cUy  osed  occurs  SO  to  90  feet  aboTe  the  river,  as  a  stratum 
from  30  to  40  feet  thick,  overlain  and  underlain  by  sand,  being  included  in 
the  modified  drift  which  formerly  filled  Ihis  part  of  the  valley.  It  probably 
was  deposited  during  the  retreat  of  the  ice-sheet  which  overspread  this 
regioa,  as  ahown  by  the  Interglacial  clay  at  Chaaka,  after  the  valley  had 
been  excavated  between  its  bluffs  of  till.  J.  M.  Nye  &  Co.  here  make  3iH> 
to  SOO  thousand  bricks  yearly ;  and  Andrew  Ahlln,  about  two-thiida  of  a 
mile  southwest  from  Carver,  has  two  yards,  his  annual  product  being  from 
one  to  one  and  a  half  millions. 

At  Jordan  Charles  Rodell  has  made  bricks  12  years,  averaging  about  GOO 
thousand  yearly,  and  selling  at  ^6  per  M.  This  clay  deposit,  as  at  Carver, 
is  part  of  the  stratifled  valley  drift.  It  is  40  feet  thick,  lying  upon  till,  and 
overlain  bj  gravel  and  sand.  The  top  of  the  clay  is  about  SS  feet  above  the 
river,  A  very  interesting  kind  of  stratification  is  shown  Uy  this  clay, 
which  is  bedded  in  distinct  horizontal  layers  from  3  to  8  inches  thick,  aver- 
aging 6  inches.  These  layers  are  dark  bluish,  often  finely  laminated,  chang- 
ing above  and  below  to  a  nearly  black,  more  unctuous  and  finer  clay,  which 
fonns  the  partings  between  them.  These  divisions  are  clearly  seen  through 
the  whole  extent  of  Mr.  Rodell's  excavation,  which  reaches  26  feet  below 
the  top  of  the  clay  and  is  i  rods  long.  The  same  stratification  is  shown 
also  by  the  excavation  of  Nye  &  Co.  at  Carver,  where  the  exposure  Is  4  rods 
long  and  15  feel  high,  except  that  here  the  layers  all  have  a  nearly  uniform 
thickness  of  3  inches.  In  this  depth  of  IC  feet  there  are  thus  about  sixty 
layers,  all  exactly  alike.  The  alternating  conditions  which  produced  them 
were  evidently  repeated  sixty  times  in  uninterrupted  succession.  The  only 
explanation  for  this  which  seems  possible  is  that  these  divisions  mark  so 
many  years  occupied  by  the  deposition  of  this  clay.  It  appears  that  these 
clay-beds  are  of  limited  extent.  The  broad  fiood-plain  was  mainly  built  up 
by  additions  of  flae  gravel  and  sand  spread  over  its  surface  b3-floods  like 
those  which  now  occasionally  overflow  the  bottom-lands.  Clay  could  settle 
only  where  hollows  were  formed  by  inequalities  in  this  deposition  and  left 
outside  the  path  of  the  principal  current.  Now  nearly  all  the  features  of 
the  modifled  drift,  as  the  general  absence  of  shells  or  other  fossils,  its  hillocks 
and  ridges  called  kames,  and  its  occurrence  only  in  glaciated  regions  or  in 
valleys  of  drainage  from  them,  indicate  that  this  formation  was  accumulated 
by  streams  discharged  from  a  melting  ice-sheet.  If  the  origin  of  tbe  modi- 
fied drift  that  filled  the  lower  part  of  the  Minnesota  Valley  was  from  such 
glacial  melting,  it  is  apparent  that  the  floods  would  be  greater  and  would 
bring  and  deposit  more  sediment  In  summer  than  in  winter.  Layers  nearly 
like  those  in  the  clay  at  Carver  and  Jordan  are  also  seen  in  other  clay-beds 
in  this  valley  and  in  that  of  the  Mississippi  in  this  State.  The  principal 
mass  of  each  laj'er  is  regarded  as  the  deposition  during  the  warm  portion  of 
a  year,  and  the  very  dark  partings  as  the  sediment  during  winter  when  the 
melting  was  less  and  llie  water  consequently  less  turbid.  The  upper  part  of 
these  beds  of  clay  are  generally  colored  yellow  to  a  depth  varying  from  one 
or  two  to  ten  feet,  the  lower  portion  being  blue.  The  limit  of  the  yellow 
color  In  the  clay  at  Jordan  runs  obliquely,  being,  nearly  parallel  with  the 
sloping  surface,  so  that  the  same  horizontal  layers  are  partly  blue  and  partly 
yellow,  which  shows  that  this  is  a  discoloration  by  weathering. 

At  Belle  Plslne,  Jacob  Kranz  has  made  bricks  10  years;  annual   product. 
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300  thousand,  selling  at  $S  to  (fi  per  H.  The  claj  used  is  recent  alluTium  of 
the  HveT,  with  vliich  he  mixes  one-sixth  as  much  sand  as  clay. 

At  Henderson  bricks  are  made  bj  Herman  Hatthei,  who  began  9  jeare 
ago,  and  now  avenges  400  thousand  yearly ;  and  b;  John  Heler,  who  began 
in  1678,  and  expected  to  make  300  thousand  during  last  season.  Both  oae 
recent  alluvium. 

At  IjeSueur  Henry  Eruze  has  made  bricks  18  jears,  using  alluvial  clay; 
annual  product,  300  thousand.  He  mixes  oqe  part  of  sand  with  two  of  claj-. 
J.  Wetter  also  has  made  bricks  here  S  years,  averaging  100  thousand  per 
year.  Hie  clay  has  a  thickness  of  S  feet,  and  is  underlain  b;  sand,  the  two 
forming  a  terrace  about  100  feet  above  the  rirer. 

In  Oshawa,  about  one  mile  south- west  from  St.  Peter,  Hatthias  Davidson 
lias  made  bricks  19  years,  using  the  recent  alluvium.  He  averages  400 
thousand  yearly,  and  sells  at  $4  to  (7  per  M. 

The  brick-making  at  Hankato  and  New  TJlm  cannot  be  here  reported.  At 
Redwood  Falls  two  kilns  of  brick,  about  200  thousand,  were  burned  by 
Bohn  &  Lamberton  in  1878.  The  clay  is  about  40  feet  al>ove  the  top  of  the 
succession  of  falls  here  in  Redwood  river,  and  about  ISO  feet  above  Uinne- 
eota  river.  The  section  is  black  soil,  2  feet ;  yellow  clay,  dipping  slightly 
eaatward,  about  7  feet ;  changing  below  to  yellowlsti  sand.  This  clay  is  in 
layers,  mostly  about  B  inches  thick,  divided  by  dark  partings  similar  to 
those  described  at  Carver  and  Joitlan.  The  underlying  sand  is  in  layers 
from  J'4  to  1  Inch  thick,  separated  by  bard  films  of  Iron-rust.  Attempts  to 
make  bricks  at  Minnesota  Falls  and  Granite  Falls  have  failed,  tiecauM  of 
amall  limy  concretions  in  the  clay,  causing  them  to  crack  la  burning.  Bricks 
in  tliie  region  command  |8  per  H. 

At  Montevideo,  Nils  Swennungson  has  made  bricks  two  years;  annoal 
product,  60  thousand,  selling  at  |6  to  (10  per  M.  This  clay  la  on  the  general 
level  of  the  upland,  100  feet  above  the  river.  The  section  is  soil,  1}^  feet ; 
yellow  clay,  used  for  brick-making,  3  feet ;  clayey  sand,  8  inches ;  with  clay 
containing  limy  concretions  below. 

At  Big  Stone  City  in  Dakota,  opposite  Ortonville,  Tobias  Oeliler  began 
brick-making  this  year  (1^79).  The  clay  is  nearly  like  that  of  Montevideo. 
During  this  season  he  made  240  thousand,  selling  at  (12  per  M. 

Brief  notes  of  this  production  in  counties  north  of  the  Minnesota  river 
are  the  following,  arranged  in  their  order  from  south-east  to  north-west :  % 
mile  west  of  Dayton,  In  Otsego,  Wright  county,  by  Medor  Arseno,  about 
2fi0  M.  yearly,  at  g7  to  (8  per  M.;  at  Cokato,  Wright  county,  by  James 
Bunions,  300  M.  yearly,  for  dx  years^  at  (S,  the  clay  now  nearly  exhausted : 
2  miles  north  of  Hutchinson,  McLeod  county,  by  W.  H.  Wyman,  100  M. 
yearly,  at  (7  to  |B;  3  miles  north-east  from  Litchfield,  Meeker  county,  by 
Henry  Ames,  500  M.  yearly  at  (7;  at  the  north-west  side  of  Nest  lake  in 
New  London,  Kandlyolu  county,  by  Peter  Larson,  Jr.,  200  to  300  H.  yearly, 
at  (8  to  (10 ;  at  DeOraff,  Swift  county,  300  H.  were  made  In  1877,  selling  at 
(10  per  M,;  at  Olenwood,  Pope  county,  by  John  Alton,  150  to  300  M.  yearly, 
at  (7  to  (10;  1)^  miles  north-east  of  Alexandria,  Douglas  county,  by  John 
A.  McKay,  600  M.  yearly,  at  (6  to  (10;  3  miles  south-west  of  Alexandria,  in 
sec.  2,  Lake  Mary  township,  by  Mark  Bundy,  75  M.  yearly ;  >i  mile  north- 
west of  Evansville  station,  Douglas  county,  by  lUchard  Partridge,  about  40 
M.  yearly  at  (10;  about  3  miles  west  of  Patter's  Prairie,  Otter  Tall  county, 
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by  Henry  Asseln,  100  H.  in  187B,  at  ^7  to  (10 ;  &t  Fergus  Falls,  by  J.  A. 
N«l»on  &  Brofhers,  100  H.  formerly,  600  H.  tbis  year  (1879),  at  about  $8  ; 
3  miles  west  of  Fergus  Falls,  by  B.  R.  Chllds,  150  H.  this  year ;  at  Detroit, 
Becker  county,  by  Sbaw  &  Hartin,  about  200  M.  yearly  at  (S ;  and  at  Hoor-' 
bead,  by  Lamb  Brotbera,  2600  M.  yearly,  at  |S,  and  by  Eruegel  &  Truitt, 
1200  M.  yearly.  Additional  details  respecting  tbis  work  and  tbese  and 
otber  deposits  of  clay  adapted  for  brick -making,  will  be  given  in  the  final 

Lttne.  The  abundance  or  frequent  occurrence  of  boulders  and  pebbles  of 
magneaian  limestone  in  the  drift  of  this  entire  district,  has  been  mentioned 
in  describing  that  formation.  The  same  stone,  more  finely  pulverized,  is 
one  of  the  most  important  ingredients  of  our  sand  and  clay  also,  being  a 
principal  cauM  of  the  great  fertility  of  the  soil  throughout  all  these  coun- 
ties. A  large  part  of  the  lime  used  for  building,  except  along  of  near  the 
lower  Minnesota  river,  has  been  derived  from  the  drift,  Its  limestone  bould- 
ers being  gathered  upon  rocky,  morainlc  areas,  or  about  shallow  lakes, 
where  the  expansion  of  the  ice  In  winters  has  slowly  pushed  these  and  other 
rock-fragments  outward  to  the  shore.  A  little  ridge  of  gravel  and  boulders 
Is  thus  frequently  heaped  to  a  height  varying  from  four  to  eight  feet  above 
the  lake.  In  nearly  every  county  several  of  the  early  settlers  have  availed 
themselves  of  tlils  resource,  constructing  small  kilns  and  burning  from  90 
to  200  barrels  of  lime  yearly,  according  to  the  demand  In  their  vicinity. 
This  lime  is  usually  of  excellent  quality,  contains  little  sand,  and  Is  white, 
or  sometimes  cream- colored.  We  have  a  large  list  of  these  lime-bumers, 
but  can  mention  here  only  those  who  do  a  permanent  and  considerable 
business,  as  follow :  at  Dayton,  Levi  Guier,  burning  about  GOO  barrels  of 
lime  yearly,  sold  at  fl  per  barrel;  in  Qreenleaf,  Meeker  county,  Lewis 
Maher,  from  100  to  300  barrels  yearly,  at  91.SO;  near  Beaver  Falls,  Renville 
county,  John  Edget,  B.  B.  Corey,  and  several  others,  each  about  100  barrels 
yearly,  at  (1.60 ;  at  Minnesota  Falls,  Simon  Christianson  and  W.  C.  Darby, 
each  300  barrels  yearly,  at  tl.SO;  one  mile  northof  Ortonyille,  Alfred  Epowl- 
ton,  SOO  barrels  thlayearat(1.2{>;  farther  north-west,  beaide  Big  Btone  lake, 
Jacob  Hurley,  E,  T.  Hanes,  and  William  H.  Bowman,  selling  yearly  from  ISO 
to  300  barrels  each,  at  91.2fi;  at  Donnelly,  Stevens  county,  Joseph  Meier,  300 
to  400  barrels  yearly,  at  (1.2G;  in  Evansviile,  Douglas  county,  Partridge 
Brothers,  260  barrels  yearly,  at  $1,25;  in  Leaf  MounUin  and  Clitherall, 
Otter  Tali  county,  Orris  Albertson  and  others,  200  barrels  or  more  yearly,  at 
tl.25;  at  Fergus  Falls,  J.  A.  Nelson- &  Brothers,  and  E.  Barbeau,  each 
about  500  i>arrels  yearly,  at  )! ;  in  south  part  of  Oscar,  Otter  Tail  county, 
Peter  Carlson,  about  400  barrels  yearly,  at  jl;  in  Eglon,  Clay  county, 
Nils  Larson,  from  7S  to  2S0  barrels  yearly,  at  H  ;  and  at  Detroit  and  White 
Earth  Agency,  Becker  county,  Shaw&  Martin,  600  barrels  yearly,  at  (1.60. 

Limestone  in  fragments  and  pulverized  is  so  large  an  Ingredient  of  the 
drift  that  all  percolating  waters  become  more  or  less  charged  with  carbonate 
of  lime  in  soiution.  The  soft  rain-water  Is  thus  changed  to  bard  water 
before  It  finds  its  way  into  wells  or  issues  in  springs.  The  limestone  which 
the  water  has  taken  up  forms  a  scale  on  the  inside  of  tea-kettles  and  the 
boilers  of  engines  ;  and  similarly,  because  of  exposure  to  the  open  air  and 
evaporation,  it  is  occasionally  deposited  by  springs  as  an  incrustation  of 
moaa,  leaves,  or  other  objects,  or  as  a  porous  bed  upon  the  surface  of  springy 
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ground.  Inleresting  springs  of  thU  kind  occur  near  Carver,  Gleuwood,  and 
Big  Stone  City.  Their  calcareoog  deposit  la  commonlj  called  "petrified 
moas,"  from  the  fact  that  it  becomes  covered  with  growing  mogg,  the  lower 
part  of  which  is  being  slowly  encrusted  and  its  form  preserved  by  this 
accumulation.  It  is  usually  a  light  gray,  very  porous  mass,  less  than  a  foot 
thick,  and  mixed  with  earth  and  foreign  matter;  but  in  two  places  more 
maggive  deposits  of  this  origin  are  found,  which  appear  to  have  a  value  for 
the  maDufacture  of  lime.  One  of  these,  occurring  in  the  N.  E.  ^  of  sec 
26  and  south  part  of  sec.  23,  Tunsburg,  Chippewa  county,  hag  been  consider- 
ably burned  for  lime  by  E.  R.  Harkness,  who  states  that  it  yields  a  nearly 
piire,  white  lime,  fully  as  strong  as  that  of  boulders.  It  here  forms  a  nearly 
level  layer  2  to  3  feet  thick,  extending  fully  a  half  mile  as  shown  by  frequent 
exposures  upon  the  side  of  the  bluS  of  till  north-east  of  the  Chippewa  river. 
Only  its  south-east  portion  Is  adapted  for  lime-burning,  the  rest  lieing  grav- 
elly. It  appears  to  mark  a  line  at  which  springs  issued  because  of  impervi- 
ous beds  above  or  below  it.  These  springs  are  now  partly  intercepted  by  a 
tributary  ravine  30  rods  north-eaat,  in  which  "  petrified  moss  "  is  forming 
along  a  distance  of  about  an  eighth  of  a  mile,  at  a  height  of  three  to  six  feet 
above  the  rill.  About  twenty-flve  miles  south-east  from  this.  In  the  N.  W. 
hi  of  section  22,  south  township  of  Hawk  Creek,  Benville  county,  a  nearly 
compact  calcareous  deposit,  containing  impressions  of  leaves  and  sticks,  is 
exposed  for  six  to  eight  feet  vertically  in  two  masses  four  rods  apart,  on  the 
south  side  of  a  ravine  about  fifty  feet  deep.  It  was  probably  formed  by 
springs  when  this  ravine  wag  first  channelled  out,  shortly  after  the  glacial 

Cretaceous  strata  in  the  vicinity  of  New  U(m,  and  the  Shakopee  limstone 
in  the  lower  Minnesota  valley,  yield  the  most  important  supplies  of  lime 
derived  from  this  district.  The  only  kiln  burning  Cretaceous  limestone 
north  of  Minnesota  river  and  therefore  within  the  limit  of  this  district,  la 
John  Heymann's,  about  a  half  mile  north  of  Redstone,  Hlg  yearly  product  is 
from  1,000  to  1,&00  barrelg,  gold  at  $1  per  barrel.  The  section  Is  soil,  2  feet; 
drift  gravel,  1^  feet;  cavernous,  nodular,  gray  limestone,  2  feet;  gteen  clay 
with  layers  of  red,  2  feet;  and  limestone  as  above,  2  feet;  said  to  be  under- 
lain b;  clays  and  ghales.  These  beds  form  a  terrace  about  3S  feet  above  the 
river.  Other  kilns  burning  lime  from  this  formation  are  situated  on  the 
opposite  side  of  the  river.  This  lime  is  strong  and  sets  quickly,  making  a 
white  plaster;  except  that  it  commonly  Includes  a  little  clay,  itisquite  pure, 
having  no  magnesia  or  sand. 

The  Shakopee  limestone  gives  a  very  dark  lime,  which  slacks  to  a  brown 
or  cream  color.  It  is  magneslan,  with  a  little  admixture  of  sand,  and  is 
burned  more  easily,  slacks  with  less  heat,  and  sets  more  slowly,  than  pure- 
lime.  It  Is  preferred  by  masons  for  brick  and  stone  work,  and  for  plastering 
except  the  finishing  coat.  The  following  notes  were  gathered  respecting  the 
maoufscture  of  lime  from  this  formation.  At  Shakopee,  J.  B,  Conter  bums 
15,000  barrels  yearly,  selling  it  at  Saint  Paul  and  Mlnnespolis  for  fiS  cents 
per  barrel  of  200  pounds.  The  section  hera  Is  limestone,  obscurely  and  irreg- 
ularly bedded,  yielding  leather  colored  Hme,  S  to  S  feet;  a  lighter-colored 
calcareous  sandstone,  divided  in  beds  about  8  inches  thick,  somewhat  used 
for  building  stone,  2  feet;  limestone  nearly  as  above,  in  irregular  beds  from 
a  few  inches  to  one  foot  thick,  yielding  s  very  dark,  blackish  lime,  12  feet. 


byGoO'^lc 


8TATX  aSOLOQiST.  12ff 

The  stratlflcation  is  nearlj  level ;  bnt  »]!  the  beds  are  more  or  lea  fntctured. 
porous  Mid  caTemoiis,  with  different  colors  in  the  saine  layer  a  rod  apart. 
The  color  throughout  Is  bnfl  of  various  shades  approaching  pick,  jellowr 
and  brown.  The  top  of  the  qtuurj  is  about  GO  feet  above  the  rirer,  and  this 
formation  extends  below  to  the  water's  edge.  Mr.  Conter  also  bums  about 
15,000  barrels  of  lime  yearlj  at  a  quany  fi  miles  to  the  south-west  in  Louls- 
TlUe.  This  limestone  is  nearly  like  that  at  Bhakopee.  It  is  arenaceous,  but 
shows  DO  cODtliraons  layer  of  sandstone.  At  Ottawa,  Charles  Bchwarlz. 
bums  about  400  barrels  of  lime  yearly  for  the  demand  fn  his  vicinity,  Rolling 
at  60  cents  per  barrel.  At  Caroline,  in  see.  17,  Easota,  Conrad  Smith  burns 
6,000  barrels  yearly,  selling  at  GG  cents  per  barrel.  A  third  of  a  mile  south- 
east from  the  last,  George  C.  Clapp  has  burned  lime  20  years,  averaging 
2,000  barrels  yearly,  but  has  done  nothing  in  this  business  during  the  last 
two  years.  The  last  three  use  only  the  upper  2  to  S  feet  of  the  limestone 
terrace  at  these  places.  A  large  amoant  of  lime  is  also  burned  from  the 
Shakopee  limestone  in  Hankato,  which  Is  not  included  in  tliis  report. 

The  St.  Lawrence  limestone  in  sec,  13,  Jessenland,  Sibley  county,  has  been 
used  for  llme-bumiug  by  Herman  Hatthel,  brick-maker  at  Hendersou- 
IHve  kilns  of  sniall  size  were  burned  here  last  year,  but  the  stone  is  now 
teamed  to  Henderson  before  burning.    The  lime  brings  60  ccnt<(  per  barrel. 

Quarried  St'me.  The  formations  which  are  quarried  in  the  valley  of  Min- 
nesota river  for  building  stone,  foundations,  bridge  masonry,  ojc. similar  uses, 
are  the  quartijte  at  Bedstone,  and  the  three  members  of  the  Lower  Magne- 
slan  group.  The  granite  and  gneiss  of  the  upper  Minnesota  valley  have  not 
yet  been  worked  to  any  considerable  extent,  but  will  probably  fumlih  valu- 
able quarries  for  the  general  market  when  a  demand  is  created  by  the  more 
complete  settlement  and  Increasing  wealth  of  that  region.  CrelBceou>i  sand- 
stone, as  previously  mentioned,  has  been  quailed  slightly  for  culverts  and 
cellar- walls  in  Gourtland,  S  and  11  miles  south-east  from  NewUlm;  but 
the  business  is  now  discontinued  or  very  am'sll. 

In  the  quartzyte  at  Redstone  quafries  are  owned  by  Francis  Baasen, 
about  30  rods  south-east  from  the  railroad-bridge,  who  formerly  quarried 
$200  worth  of  stone  yearly,  but  none  for  three  years  past ;  William  Winkel- 
mann,  a  few  rods  farther  east,  quarrying  only  for  his  own  use  in  building ; 
Frederick  Melerding,  a  little  farther  east,  now  selling  $100  worth  yearly, 
formerly  about  g-lOO  yearly ;  Gottlieb  Arndt,  one-flfth  mile  nortb-east  from 
last,  with  annual  sales  from  t^^O  to  (300 ;  and  Joseph  Reinhart,  close  east  of 
the  last,  selling  little  now,  formerly  $300  worth  per  year.  Only  rough  stone 
of  small  dimension  is  obtained,  bringing  from  92  to  (3  per  cord. 

Quarries  in  the  limestone  at  St.  Lawrence  are  owned  by  Abraham  Bisson 
and  Philip  Corbel,  )]oth  renting  to  others  the  privilege  to  quarry  for  SO  cents  a 
cord.  The  stone  is  sold  at  (3  or  S3.G0  per  cord,  the  flrst  of  these  quarries 
supplying  fifty  cords  yearly  and  the  second  about  twenty  cords  yearly.  The 
sales  for  stone  work  from  the  quarTies  in  Faxon  and  Jessenland  are  still 
smaller.  Of  this  limestone  at  Hebron,  in  the  south  part  of  Nicollet  town- 
ship, quarries  are  owned,  in  order  from  cast  to  west,  by  Abel  Eeene,  'Wil- 
liam J.  Phillips,  William  H.  Thurston,  and  Mrs.  J.  H.  Dunham,  Some  of 
these  are  rented  at  SO  cents  per  cord.  The  stone  is  sold  for  43  per  cord,  and 
the  extent  of  sales  at  each  quarry  varies  from  (100  to  (300  yearly.  Judson, 
opposite  to  Hebron,^  has  other  small  quarries  in  this  formation. 


byGoo'^lc 


121  EIGHTH  ANinTAL  BEPORT. 

The  Jordui  Bandstone  is  quarried  at  Joidab  lij  Frank  NicoUn  and  PliiJip 
Eipp.  It  lies  in  beda  from  eight  inches  to  two  or  three  feet  thick,  Hr. 
Nlcotin's  flour-mill  at  this  place,  built  of  this  stone,  is  60  bj  70  feet  in  area 
and  TS  feet  high,  in  six  stories,  having  ita  walls  fi  feet  thick  at  the  base  and 
20  inches  at  the  top.  Besides  this  structure,  which  was  erected  in  l)iT8  and 
1879,  Mr.  Nicoltn's  quarry  has  within  three  years  supplied  $2000  worth  of 
stone,  gold  to  the  Minneapolis  &  St.  Louis  railroad  for  bridge  masonrj  and 
to  other  purchasers.  Mr.  Kipp's  quarrj,  opened  this  year,  has  supplied 
about|200  worth,  at  t3. 75  per  cord.  Fosa,  Wells  ils  Co.  also  quarried  thia 
stone  to  build  their  mill  and  elevator. 

The  limestone  at  Shakopee  is  too  much  seamed  and  fractured  and  too 
irregularlj  bedded  for  use  as  a  building  stone.  In  ascending  the  river, 
quarries  where  stone  Is  obtained  from  this  formation  for  building  purposes 
are  found  in  Louisville,  Ottawa,  St.  Peter,  Kasota,  and  Hankato,  tlie  two 
last  places  having  the  largest  bu^ess.  This  work  at  Hankato  we  cannot 
report.  Opposite  to  this  city.  In  Belgrade,  three  quarries  on  the  land  of 
John  Q.  A.  Harsh  and  brother  ore  rented  mostly  to  Dennis  Sullivan  and 
John  DuSee,  who  pay  SO  cents  per  cord,  selling  at  about  ^2  per  cord  for 
rough  stone.  A.  little  further  west,  Andrew  M.  Wiemar  owns  a  qnany 
opened  last  year.  He  supplies  dlmendon  stone,  rough  or  hammered.  The 
rock  of  these  quarries  is  evenly  colored  and  compact,  in  thick  beds,  and  can 
supply  blocks  G  by  4  by  2  feet,  or  slabs  B  feet  long.  Details  of  the  other 
places  are  given  in  the  order  mentioned. 

In  Louisville,  Mrs.  M.  A.  Spencer  owns  a  quarry  which  has  been  worked 
15  years,  with  annual  sales  from  #200  to  ^£0.  This  stone  Is  in  layers  from 
1  to  3  feet  thick,  hard  and  compact,  except  that  small  cavities  sometimes 
occur  in  it.  Jt  has  been  used  for  much  of  the  bridge  masonry  of  Scott  and 
Carver  counties.  Including  the  railroad- bridges  at  Chaska  and  Carver. 

At  Ottawa  quarries  are'  owned  by  Levi  Case,  John  R.  Clark,  Robert  Todd, 
John  B.  Randall,  Robert  Winegar,  and  Kaaper  Mader.  The  annual  product 
is  from  50  to  300  cords  from  each,  sold  at  $1  to  $a.f>0  per  cord.  Tlte  stone 
here  Is  in  layers  from  a  few  inches  to  one  foot  thick.  It  Is  sold  mostly  for 
use  within  10  or  IS  miles  to  wall  cellars  and  wells,  little  being  sent  away  on 
the  cars. 

At  St.  Peter  the  stone  is  thinly  t>edded  as  at  Ottawa,  except  in  the  Asylum 
quarry,  where  it  lies  in  massive  beds  1  to  4  feet  thick.  This  quarry  has  been 
iwAed  principally  for  the  Asylum  buildings.  The  other  quairies  are  owned 
or  worked  by  Jacob  Bauer,  Hugh  Brogan,  Ubait  Drenttel,  John  Malgren, 
and  Henry  Miller.  Their  annual  product  Is  50  to  200  cords  each,  selling 
at  (1.60  to  (3  per  cord. 

Kasota  has  the  best  quarries  found  In  this  limestone  within  our  limits. 
It  is  in  beds  from  6  inches  to  2>^  feet  thick,  pinkish  buff  in  color,  uniform 
in  its  texture,  easily  cat  into  any  desired  form,  and  durable  under  exposure 
to  the  weather.  The  most  extensive  buslnesshere  is  that  of  Breen  A  Young, 
who  lease  from  Stewart,  Breckenridge  A  Butters.  They  employ  35  men 
and  3  teams  at  quarrying  and  loading  upon  the  cars,  the  product  in  1879 
being  worth  |1S,000  as  rough  stone ;  it  is  dressed  after  reaching  their  shops 
in  Saint  Paul  and  Minneapolis,  which  brings  their  sales  per  year  to  about 
430,000.  The  largest  stone  ever  shipped  by  them  weighed  10  tons,  its 
dimenrions  In  feet  being  14  by  8  by  1.    Their  quarry  can  supply  blocks  of 
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large  dze  snd  S  or  2^  feet  thick ;  alabs,  as  for  cemeteij  borders,  30  f«et 
long ;  and  flag-atones  10  or  12  feet  gqaare  &nd  eight  inches  thick.  Ezunplea 
of  the  stone  from  this  qoari^  are  the  residence  of  H.  J.  Willing,  of  the  Ann 
of  Field,  Leiter  AGO.,  In  Chicago;  the  First  Baptijit  Church  in  Balnt  Paul  i 
trimmings  of  the  High  School  Building  in  Hlnneapolis ;  and  trimming*  of 
the  State  Prison  In  Stillwater.  The  only  other  quarry  at  this  place  ie 
owned  by  J.  W.  Babcock,  whose  yearly  salee  are  tnm  fS.OOO  to  (10,000. 
He  has  used  stone  to  cut  up  which  formed  an  unbroken  sheet  60  feet  long. 
Examples  from  this  quarry  are  the  trimming*  of  Odd  Fellows'  Hall  in  StUnt 
Paul,  and  of  Plymontb  Church  in  Minneapolis. 
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VI. 

REPORT  OF  PROFESSOR  C.  W.  HALL. 


Pfof.  S.  H.  WineMl,  Stat* 

BiR :— The  party  of  the  Geological  and  Natural  History  Surrey  ot  the  State, 
detailed  by  you  to  visit  Lake  Superior  during  the  past  summer,  wu  ready 
for  operationsthe  latter  part  of  July.  The  objects  of  this  expedition  were 
to  make  collections  of  the  faunti  of  the  Northeastern  part  ot  the  State,  to 
make  some  (tdditions  to  the  collection  from  its  Bora  made  by  Mr.  Juni  one 
year  ago,  and  to  make  some  obseiratioDS  on  the  rocks  and  minerals  occur- 
ring along  certain  portions  of  the  coast. 

Id  addition  to  the  tvo  persons  composing  the  surrey  party,  there  wet« 
two  othem.  Rev.  C.  H.  Terry  of  UinneapoUs,  and  Prof.  G.  Weltbrecht,  of 
the  St.  Paul  High  School.  The  latter  gentleman,  teacher  of  natural  history 
in  the  institution  with  which  he  ig  connected,  accompanied  us  for  the  pur- 
pose of  making  collections  of  geological  specimens,  alcoholic,  dried,  and 
various  dissections  for  his  classroom  work,  and  for  the  museum,  of  which 
the  St.  Paul  Board  of  Education  is  now  laying  the  foundation.  Both  gentle- 
men rendered  material  aid  in  performing  the  various  duties  of  our  camp 
life,  and  for  a  condderablo  share  of  the  time  they  saved  the  expense  of  one 
extra  man. 

The  constant  Interest  manifested  in  our  work  in  every  way,  and  particu- 
larly by  the  part  they  were  ever  seeking  to  bear,  and  the  heartiness  with 
which  they  entered  into  the  spirit  of  our  out-door  life,  rendered  their 
presence  a  source  of  pleasure  to  us. 

We  reached  Duluth  ou  the  morning  of  July  26.  There  we  made  some 
purchases  of  supplies,  hired  a  sail-boat  for  a  r  .onth  or  more,  and  made  such 
other  arrangements  as  were  necessary  for  the  character  of  our  work  down 
the  coast.  We  there  learned  that  the  winds  for  some  days  had  been  strong 
up  the  coast,  practically  preventing  all  small  sail  and  row  boats  from  going 
down  the  shore.  This  fact  made  us  anxious  to  avoid.  If  possible,  the  prob- 
ability of  a  long  and  toilsome  trip.  To  be  transported  to  our  place  of  desti- 
nation, which  was  Oraud  Marias,  in  the  course  of  a  few  hours,  thus  passing 
over  the  Intervening  distance  without  a  great  waste  of  time  in  waiting  for 
winds  and  waves,  and  to  begin  our  work  at  once,  since  the  season  for  col- 
lecting was  already  far  advanced,  were  with  us  the  chief  desiderata.  It  was 
through  the  good  offices  of  Dr.  V.  ftnith,  U.  B.  Collector  at  Dulnth,  that  we 
were  enabled  to  realize  our  wishes.  A  steamer  was  to  start  at  noon  on  her 
tegular  trip  around  the  north  shore  of  the  lake.  The  master,  when  aasured 
«f  the  character  of  the  expedition,  offered,  so  far  as  he  consistently  could. 
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to  Msist  UB  on  our  way.  We  took  pasMge  for  Prince  Arthur's  Landing, 
feeling  that  if  the  lake  should  become  so  rough  aa  to  prevent  our  leaving 
the  steamer  before  we  had  reached  the  shelter  of  the  group  of  islands  oil 
Kgeon  Point,  we  should  even  then  have  saved  more  than  half  the  dist&nce 
to  our  point  of  destination,  The  steamer  reached  what  was  supposed  to  be 
tlie  vlcinitj  of  Orand  Haiias  at  half-past  11  o'clock  ai  night.  As  the  vessel 
came  to  and  lowered  our  boat  with  our  camp  equipment  and  ourselves  to 
the  water,  a  heavy  swell  was  running,  and  every  appearance  indicated  a 
southwest  wind.  Fortunately  for  us  the  threatened  wind  did  not  rise ;  still 
we  had  ample  opportunity  to  become  thoroughly  tired  rowing  our  heavily  ' 
loaded  boat.  We  reached  the  shore  Just  as  day  was  dawning,  and  found ' 
ourselves  about  one  and  one-half  miles  below  Qrand  Haiais. 

With  Uonday  morning  we  entered  upon  our  labors.  The  work  of  arrang- 
ing for  oar  stay  was  slight,  as  the  Messrs.  Mayhe  v  placed  at  our  disposal  an 
unusefl  building,  In  which  was  a  stove,  the  property  of  the  survey,  left 
there  last  fall  at  the  close  of  the  field  work  of  that  season.  We  pitched 
our  tents  on  the  shingle  beach,  obtained  a  stock  of  supplies,  and  settled 
down  to  steady  work, 

Mr.  Roberta,  a  student  of  the  University,  who  accompanied  me  to  assist 
in  making  the  collections,  occupied  himself  almost  exclusively  with  collect- 
ing plants  and  birds.  Of  the  former  here  at  Qrand  Haraia  as  elsewhere 
along  the  coast  we  found  great  numbers,  but  the  range  In  species  was  rather 
narrow.  Since  the  season  for  the  majority  of  plants  was  past  that  of  flow- 
ering, we  did  n^ t  collect  so  many  specimens  as  we  might  have  done  and 
should  have  desired  to  do  earlier  In  the  season.  One  point  of  considerable 
Interest  could  not  be  Investigated,  namely :  how  the  flora  of  the  lake  basin 
proper  is  related  to  that  of  the  Interior  drained  by  the  numerous  streams 
that  come  tumbling  down  over  the  escarpment  of  the  bordering  ridge  of 
hills  and  emptying  into  the  lake.  The  greatest  distance  towards  the  Inte- 
rior we  reached  was  only  eight  or  ten  miles,  and  this  in  the  valley  of  a  single 
river,  the  Devil's  Track ;  consequently  nc  generalizations  could  be  drawn. 

The  list  collected  by  Mr.  Junl  and  published  In  last  year's  report,"  and  to 
vhlch  the  list  and  observations  submitted  herewith  are  mainly  supplemen- 
tary, gives,  with  few  exceptions,  those  plants  found  growing  on  the  lake 
shore  where  the  temperature  averages  several  degrees  lower  daring  the 
growing  months  than  It  does  inland,  where  the  wind,  cooled  by  thewatersof 
the  lake,  does  not  reach.  No  great  dlfleiences  would  be  expected;  stil 
enough  would  probably  be  seen  to  make  a  distinction  clear  with  reference 
to  the  habits  at  least  of  a  few  spedes.  It  would  perhaps  be  premature  to 
designate  any  particular  species  which  Is  found  In  the  one  locality  that  Is 
debarred  by  climatic  conditions  from  existing  in  the  other;  yetmanymlght 
be  mentioned  which,  fionrUhing  along  the  lake  shore,  present  only  scatter- 
ing repreMntatlves,  if  representatives  have  been  found  in  the  Interior,  so  far 
ai  this  latter  territory  has  been  explored  by  any  party  of  the  survey  at  present 
being  prosecuted.  It  Is  confidently  expected  that  these  parties  will  find  as 
they  push  into  the  country  to  the  north  and  west  of  Superior  and  explore  the 
shores  and  marshes  of  the  hundreds  of  smaller  lakes  as  yet  almost  or  quite 
unknown  to  the  white  man,  many  species  now  not  known  to  science.  This 
a  Idltlonal  question  ought  also  to  be  answered  by  the  more  complete  results 


*  8«vantb  Annul  lUport,  1878,  p.  W,  «l  atq. 
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of  our  botanical  labors :  In  whttt  particulars  does  this  lake  flora  dUtlnguiah 
i  tself  from  that  of  the  HUstasippl  valley  only  so  ihort  a  distance  away  t 

One  in  passing  along  the  shore  from  Duluth  to  the  easternmost  point  of 
Northern  Minnesota,  may  Iw  led  to  suppose  that  there  is  a  gradual  bat  sure 
change  In  the  flora  of  the  shore  ;  that  this  change  is  noticeable  in  the  species 
observed  as  well  as  in  the  size  to  which  they  attain.  A  moment's  consider- 
ation, however,  ought  to  dispel  this  wrong  Impression.  In  the  first  place 
the  difference  in  position  Is  not  enough  to  change  materially  the  characters 
of  the  vegetable  and  animal  life  of  this  district.  The  extremity  of  Pigeon 
Point  lies  near  Sfi°  24'  west  and  46°  1'  north,  according  to  the  International 
Boundary  Survey  charts.  Duluth  lies  near  92°  B'  west,  and  46°  47'  north, 
according  to  the  chart  ("Lake  Superior  No.  3")  of  thesurvey  of  the  northern 
and  northweatem  lakes.  These  figures  locate  the  former  point  about  elghty- 
sls  mile*  further  north  and  one  hundred  and  twenty-four  miles  further  east 
than  the  latter.  It  requires  a  much  greater  distance  than  this,  where  dis- 
tance alone  is  considered,  to  produce  any  marked  change  either  in  the  size 
or  the  character  of  species.  What  dlflwences  there  are  between  these  two 
localities  one  hundred  and  fifty-one  milea  apart,  must  I>e  accounted  tor  on 
other  grounds  than  distance  Inland  or  distance  from  the  equator. 

Both  points  mentioned  are  situated  on  the  same  shore  of  the  some 
body  of  water ;  this  body  of  water  is  so  large  and  deep  as  to  eiert  an  almost 
oceanic  effect  on  the  climate  near  its  shores,  such  as  Imparting  a  certain 
moisture  to  the  air  and  diminishing  the  liability  to  sudden  changes  in  its 
temperature ;  the  temperature  is  through  each  season  quite  equable  and 
very  low,  and  the  face  of  the  country  stretching  inland  from  Duluth  and 
from  IHgeon  Point  is  essentially  the  same,  broken  and  hilly 

Again,  during  the  progress  of  the  geological  explorations  occasional  trips 
inland  were  made,  and  some  of  the  highest  summits  along  the  Immediate 
vicinity  of  the  lake  were  reached.  Wherever  the  hills  are  covered  with  a 
fair  depth  of  soil,  whether  it  be  owing  to  a  drift  depodt  or^  level  plat  from 
which  the  slowly  formed  soil  material  could  not  be  washed  by  the  heavy 
rains  or  the  melting  snows,  they  are  heavily  timbered.  And  It  is  not  alone 
in  the  number  of  treee  and  shrubs ;  rock  maples,  birches,  tamaracks,  pines, 
&c.,  ai«  found  of  enormous  size.  Carlton's  Peak,  whose  summit  lies  nine 
hundred  twenty-seven  (927)  feet  above  the  lake  level  seems  to  be  the  only 
exception.  This  mountain,  whose  summit  is  a  huge  mass  of  nearly  pure 
feldspar,  bore  a  very  stunted  vegetation,— the  pines,  white  birches  and 
mouut^n  ash  were  very  small,  but  still  about  as  large  as  one  could  eiipect 
even  In  a  much  warmer  climate  with  no  more  soil  for  a  foothold  than  this 
bare  rock  afforded.  One  hundred  feet  below  the  summit  trees  and  shrubs 
were  as  large  and  as  vigorous  as  at  the  lake  shore.  Professor  Agassiz  with 
his  party  asceikded  Mount  Cambridge  on  Bt.  Ignace  Island  in  1848,  and  from 
observations  and  collections  made  at  that  time  he  concludes,  "  that  even  a 
thousand  feet  will  Introduce  very  slight  differences  in  the  vegetation  of 
these  regions.  For,  though  Mount  Cambridge  is  about  a  thousand  feet  above 
the  level  of  the  lake,  its  whole  slope  Is  covered  with  the  same  vegetation 
which  occurs  at  the  very  level  of  the  lake."* 

•  Ltke  Saperin  :    Its  Pbjricil  Cbmctcr,  VfK«l>tlon,  ind  Anlinsli,  elc.    Lonii  Aguilz, 
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This,  Haa,  seems  to  be  the  key  to  all  the  observable  differences:  as  we  go 
Borth«Utward]j,  the  coast  becomea  somewhat  changed  by  the  action  of 
thoM  forces  which  have  made  it  geolo(pcally  what  it  is,— a  aeries  of  igneous 
dlk«s  and  overflows,  and  of  various  uphesvals  of  the  Bedimen«ry  strata. 

Towards  Pigeon  Point  the  soi)  becomes  thinner,  until  there  is  no  foothold 
for  vegetation,  eicept  in  the  Assures  of  the  rQcks  and  in  hollows  filled  with 
rock  fragments  and  vegetable  mold. 

This,  then,  seems  to  be  the  key  to  all  the  observable  differences:  this 
peculiar  rock  conformation  lias  acted  both  directly  and  indirectly  on  the 
vegetation  of  the  region.  Wherever  the  protruding  dikes  and  other  abrupt 
masses  of  rock  have  offered  no  resistance  to  the  denudation  of  the  h!Uside» 
by  the  flooding  streams  which  are  always  periodical  over  tracts  so  liable  as  i» 
this  to  violent  storms  in  rammer,  and  heavy  beds  of  snow  in  winter,  erosion 
and  transportation  have  been  constant.  Ever  since  the  early  Silurian  times, 
when  these  beds  were  probably  formed,  there  has  been  little  or  no  deposit  of 
•oil  upon  them,  resulting  from  the  slow  chemical  changes  in  the  rocks  and 
the  physical  disintegration  accompanying  and  resulting  from  them.  These 
chemical  and  physical  changes,  so  unremittingly  going  on,  furnish  food 
material  for  the  growing  vegetation.  And  when  the  areas  are  vast  the  dif- 
ferences resulting  from  different  lithologlcal  conditions  are  plainly  apparent 
to  one  who  studies  the  plants ;  but  here  in  northeastern  Minnesota  they  ara 
insignificant.  Yet  vigor  of  growth  depends  on  soil ;  when  this  cannot 
accumulate,  trees  must  be  of  diminutive  size,  and  the  preponderance  of 
vegetation  must  be  shrubby  and  herbaceous,  giving  a  general  appearance  ot 
barrenness  to  the  face  of  the  country.* 

In  last  year's  r«port  allusion  was  made  by  the  Slate  Geologist  to  the  agri- 
cultural resources  of  Northeastern  Hinne8ota.t  Further  observations  and 
inquiries  by  this  expedition  tend  to  confirm  the  views  therein  expressed  so 
far  as  they  relate  to  the  agricultural  capabilities  of  that  part  of  the  State 
lying  immediately  along  the  lake  shore.  The  soil  on  the  hillsides  sloping 
towaids  the  take  appears  for  the  most  part  to  be  thin,  and  the  even  contour 
of  the  surface  leads  to  the  belief  that  were  the  forests  cut  away  the  earth 
would,  in  a  few  years,  be  carried  down  into  the  water  by  heavy  showers, 
and  thus  leave  a  long  and  almost  uninterrupted  line  of  barren  rocks  from 
Duluth  to  Pigeon  Point.  But  when  the  summits  of  this  ridge  skirting  the 
lake  are  reached  a  beautiful  country  of  gently  rising  hilis,  separated  by 
spacious  valleys,  extends  Inland  as  far  as  the  eye  can  reach.  From  the  sum- 
mit of  Carlton's  Peak,  one  of  the  highest  points  in  the  northern  part  of  the 
Bute,  8  landscape  of  surpassing  beauty  lies  before  the  beholder.  The  valley 
of  the  Temperance  river,  a  considerable  stream  which  flows  past  the  base 
of  this  mountain  and  shoots  into  the  lake  from  a  narrow  and  remarkable 
gorge,t  can  be  traced  as  it  winds  among  the  hills  from  many  miles  Inland, 

•The  mbjecl  of  "  Tbo  VegetaUon  of  the  Northeni  Bbont  ot  L«k*  Bntwrtor  "  hu  been  lo 
Bbly  iDil  Ihoronghly  dlKUsaed  bj  Froleiwor  Agutii  In  Ma  Inteneely  IntereRIng  work,  LuJu 
Saperior;  Ut  Phjuical  Character,  VrgetaUan  and  AalmaU  compartd  aith  tluue  tf  other  and 
ItmOar  Btgion*~Bo»lon:  Oould,  KmOaU  •§  UnaHit.  IBM,  Cbat  no  toMber  dlKnidon  Is 
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and  the  range  can  be  seen,  which  probably  \im  beyond  thu  long  ajid  narrow 
l&ke,  in  wbich  both  the  Temperance  and  the  BraU  are  said  to  take  their 
rise.  From  summitB  above  Caribou  Point,  Terrace  Point,  and  the  mouth 
of  the  Devil's  Track,  as  well  as  from  the  highest  peaks  in  the  Orand  Portag« 
Indian  Beserration,  landscapea  of  almost  equal  beauty  and  attractiveneia 

Throughout  the  whole  distance  visited  wherever  openings  have  been  cut 
•nd  any  attempts  at  crop  raising  have  been  made,  excellent  success  has  been 
met  with.  At  Beaver  Bay  encouraging  accounts  were  given  by  Mr.  Christian 
Wleland  of  experiments  made  at  tbat  place  in  wheat- raising.  From  one 
piece  of  five  acres  of  newly  cleared  land  sown  to  wheat  28  budiels,  26  bush- 
els and  23  bushels  per  acre  was  the  yield  for  the  first  three  years  respectively; 
and  the  quality  of  the  grain  was  excellent  Other  localities  where  wheat 
has  been  more  thoroughly  tried  have  given  even  more  flattering  results.  The 
flret  premium  at  the  State  Fair  in  187S  gave  St.  Louis  county  an  enTiabl» 
reputation  among  those  lying  in  the  winter  wheat  growing  belt  of  the  State. 
The  successful  exhibit,  that  of  Hr.  Jacob  Zimmerman,  showed  a  yield  in 
187B  of. 54  bushels  of  winter  wheat  per  acre,  weighing  G2  pounds  per  bushel, 
and  was  grown  In  sec.  28,  township  SO,  range  IS.* 

The  wooded  and  broken  character  of  the  country  is  often  mentioned  at 
highly  favorable  to  the  development  of  a  wheat- producing  region,  as  the 
danger  of  loss  from  wind-storms  is  thereby  materiaUy  lessened.  The 
proximity  of  the  lake  would  have  a  tendency  to  keep  the  temperature  low 
daring  the  aeason  when  the  wheat  berry  is  forming  and  ripening;  so  it 
seems  hardly  possible  that  such  a  discouraging  blight  as  swept  over  tb» 
jouthem  part  of  the  SUte  in  1S78  could  ever  afflict  St.  ,Loui«  and  Laka 
counties.  Oats  and  barley  should  by  no  means  be  omitted  If  one  were  tO' 
jnake  out  a  list  of  those  cereals  whose  successful  cultivation  here  has  been 
jtlaced  beyond  a  doubt. 

Two  hundred  bushels  of  potatoes  per  acre  is  called  a  small  yield.  More- 
itban  this,  the  potatoes  are  of  the  finest  quality.  It  is  claimed  in  Dulutfa 
that  in  the  Chicago  market  the  deliciousneas  of  the  Lake  Superior  potatoes, 
is  appreciated  so  highly  as  to  make  them  preferred  above  those  from  any 
Other  locality  in  the  West  or  Northwest. 

But  it  seems  after  all  as  if  this  part  of  the  State  is  to  be  a  stock-raising 
rather  than  a  cereal- producing  territory.  The  peculiar  character  of  the 
soli  adapts  It  especially  to  grass,  and  without  the  least  apparent  difficulty  the 
wild  species  give  way  to  the  cultivated.  From  one  and  a  half  to  two  lona 
per  acre  la  the  usual  yield  with  scarcely  any  care,  and  there  are  many 
unusually  fine  meadows  in  the  counties  just  named.  The  hillsides,  when 
cleared  of  the  timber  now  covering  them,  will  afCord  unsurpassed  pasturage, 
while  countless  springs  and  rivulets  and  larger  streams  will  give  a  never- 
failing  supply  of  tl|e  purest  water, — a  condition  that  mtut  never  be  over- 
looked in  locating  a  stock  or  dairy  farm  Convenience  to  market  is  another 
advantage  which  is  here  possessed.  Cheap  transportation  by  way  of  the 
lakes  to  the  great  centers  of  the  wholesale  trade  of  the  country  can  be  relied 
on  for  seven  or  eight  months  of  the  year,  and  the  provident  farmer  will 
make  his  sales  to  fit  the  season  of  prevailing  high  prices.    Hay,  live  stock, 

>  From  >  PimpUat  laned  br  tlis  Bt.  Pwl  ft  Dnlalh  B.  B.  Co.,  St.  ?siil,  Hian.,  p.m 
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beef,  butter,  and  all  farm  products  can  be  transported  to  Chicago  land  New 
Torii  OB  well  M  can  wheat  and  oate  and  barley. 

Along  the  hilMdes  sloping  towards  the  lake,  as  well  as  along  those  Ijing 
further  Inland,  there  are  many  scattering  pines.  Occasionally  a  aection  is 
thickly  studded  with  them.  Their  scattered  occurrence  renders  these  trees 
pTSGtically  inaccessible,  for  the  dense  forests  are  impassable  before  much 
time  has  been  taken  to  cut  out  a  trail  through  the  underbrush  and  the  ter~ 
ribte  windfalls.  Only  where  many  logs  can  be  hauled  over  a  single  road  can 
this  expense  be  a&orded ;  hence  there  are  but  few  places  along  the  shore 
where  an;  attempts  hare  been  made  to  procure  lumber,  and  those  notably 
In  the  vicinity  of  Beaver  Bay,  and  by  the  Wieland  Brothers  of  that  place. 
These  gentlemen  have  constructed  a  mill  which  cuts  annually  a  respectable 
quantity  of  timber.  They  employ  about  them  mostly  Indian  help,  thus  set- 
tling, BO  far  as  their  own  locality  is  concerned,  the  much  vexed  Indian 
question.  Several  parties  of  pine  explorers  were  met  during  the  season  who 
were  searching  for  pine  lands  up  the  rivers  along  the  shore._  Every  available 
section  bearing  pine  in  any  quantity  was  selected.  These  explorations 
were  made  chieQy,  it  is  believed,  in  the  Interests  of  Michigan  dealers.* 
Private  advices  from  Duluth  state  also  that  parties  from  that  place  are 
diligently  exploring  the  whole  valley  of  the  Ht.  Louis  and  its  tributaries, 
and  every  available  section  that  can  be  found  is  taken  up,  so  that  in  a  very 
short  time  there  will  be  scarcely  an  acre  of  pine  land  on  the  market  in 
northeastern  Minnesota.  Sections  containing  the  scattering  trees  have  no 
value  as  "pine  lands."  It  is  well  known  that  the  trees  that  stand  isolated 
when  of  a  size  suitable  for  lumber  are  hollow,  or  so  decayed  at  the  heart 
that  no  good  logs  can  be  cut  from  them  until  the  branches  are  nearly 
reached. 

But  more  attention  was  paid  to  the  collection  of  zoological  than  of  botan- 
ical specimens.  Mr.  Boberts  collected  one  hundred  and  twentj-flve  skins 
of  birds,t  which  are  now  deposited  in  the  University  for  study  and  Identi- 
flcation  of  the  species,  illustration  of  varietal  characters  and  for  claas'room 
demonstration.  In  addition  to  these  skins  a  number  of  specimens  were 
dissected  out  and  prepared  for  future  use.  These  specimens  consisted  of 
visceral  parts,  sterna,  Ac.  A  full  list  will  And  place  In  the  catalogue  of  the 
general  museum.  A  number  of  the  sterna  from  the  birds  above  mentioned 
have  been  mounted  on  pedestals  by  Mr.  Harrlck,  and  they  will  prove  to  be  a 
very  useful  adjunct  in  stodying  the  form  characteristics  of  those  birds  from 
which  they  were  taken,  and  for  illustrating  comparative  anatomy. 

The  foUowhig  ore  the  sterna  mentioned ;  the  numbers  correspond  to  the 
original  number  of  the  skins  in  Mr.  Robert's  collection,  and  those  without 
numbers  have  been  added  to  the  list  from  Mr.  Herrick's  private  collection : 

27.    Carolina  Rail Pon-na  earoiina. 

40.    Wild  Pigeon SeopittM tmgratoritu. 

46.    Herring  Qnll Lam*  argeniattu. 

4S.     Pigeon  Hawk Faiee  eaiumbanut. 

49.    Black-billed  Cuckoo OKCVfta  erylAropUhairnvs. 

•  Booh  of  tbCM  "eiploien"  wen  employed  bjSngllah  cipitoliati,  the  ploe  being  Jnlended 
for  eiportmtloD  *t  Qaebec.— N.  H.  W. 

tA  toll  liat  ot  thew  Bkiu  «ltti  the  collecMr'i  DOtn  hBTs  been  placed  la  the  bud*  of  ttia 
State  OiDitbaloglgt  for  pabllutlon. 
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74.    Red-wlDged  Blackbird Aeffeleus  photttieev*. 

78.     Sparrow  Bawk F\xleo  ipait»riui  (2  spec's). 

SO.     Ring-billed  Gnll Larui  delawaraui: 

ei.    Broad-ninged  Hawk Bvteo  ponniylvandetu. 

64.    HbItj  Woodpecker Pieut  viUiMtif. 

96.    Orwt  Horned  Owl Buio  nrgiitianu*. 

103.    Mallard  Duck AwubetAas. 

122.     Northern  Phalerope LMpet  hyptrborav*. 

124.    Qolden  -winged  Woodpecker OolaptM  auratu*. 

I2G.     Spotted  Sandpiper Tringoidet  maeidariui, 

126.  Night  Hawk OnordeU**  popttiu. 

127.  Crow Corma  amerieanv*. 

Chimney  Swallow Ghatura  palagiea. 

Bed-headed  Woodpecker Mttaiwrpet  erythroetphaiu*. 

Night  Hawk CAonUil«M  papetiu. 

Kingbird. , Tyrannvt  caraUnantU. 

Flicker Ootapte*  auratv. 

American  Bittern .Bolaimu  lenttginom. 

Great  Homed  Owl Bvio  w-ginianut. 

Harsh  Harrier Circut  eyaneuM. 

Brown  Thrush SarpM-hjfnehtu  rtffu*. 

Spotted  Sandpiper T^ngoic^  maeulariu*. 

We  hope  to  make  constant  additions  to  this  nucleus  of  esceedinglj  inter- 
esting specimens,  and  in  time  to  have  a  complete  set  from  the  birds  of  Hin- 
newta.  A  heart;  invitation  Is  berebf  extended  to  all  wlio  are  collecting  in 
this  attractive  field  of  omitholog;  to  aid  the  General  Museum  in  this  direc- 
tion. There  is  no  place  where  that  branch  of  anatomj  can  be  studied  with 
more  interest  and  profit  which  discloses  to  us  the  principles  of  animat 
machaniam  and  of  animal  locomotion. 

The  collections  of  insects  made  during  the  season  were  considerable,  but 
with  few  enwptions  th^  have  not  yet  been  fullj  Identified  and  made  ready 
for  the  museum.  The  endeavor  will  be  made  during  the  coming  season  io 
arrange  all  that  are  of  value  to  us  in  a  manner  suitable  for  use  and  exhi- 

Of  the  fishes  of  this  region  a  fair  supply  was  obtained.  Many  of  the  rarer 
species  and  those  less  valued  as  food  fishes  were  not  taken,  since  no  special 
efforts  were  made  to  extend  the  collection  to  include  what  rolght  be  con- 
sidered a  series  of  those  species  living  in  the  waters  of  the  northeru  part 
of  the  State. 

Some  very  fine  epedmens  of  the  brook-trout,  Sahno  fonUnaUi,  wer» 
obtained  from  the  numerous  streams  of  the  region  visited.  The  largest  on» 
brought  home,  a  magnificent  trout  caught  with  a  hook  by  Rev.  C.  M.  Terry 
from  tbe  Devil's  Track,  and  presented  to  the  collection,  measured  over 
twenty-one  inches  in  length,  and  must  have  weighed  nearly  five  pounds. 
One  larger  brook-trout  was  seen  during  the  trip.  One  morning  an  Indian 
brought  one  to  our  camp  at  Grand  Marais  which  was  over  twenty-four 
inches  long  and  weighed  five  and  three-quartera  pounds.  It  woscaught  la  a 
gill  net  in  the  lake  just  off  the  rocky  entrance  to  the  harbor.  As  we  had  no 
Jar  in  the  museum  large  enough  to  hold  a  fish  of  this  size,  we  regretted  th« 
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neceasitj  that  compelled  us  to  make  our  breakfast  tbat  morning  on  brook 
trout. 

And  right  here  It  ia  appropriate  to  wj  that  if  this  sutxey  have  economic 
importance  to  the  people  of  the  Btate,  it  should  be  the  effoft  of  those 
engaged  in  its  work  to  urge  the  presetration  of  wliat  nature  has  giTen  us 
in  the  shape  of  game,  Bsh,  forests,  and  gceuerj,  at  well  as  to  point  out  the 
places  where  precious  metals  maj  be  found,  where  fuel  lies  deposited,  or 
where  the  finest  building  stones  may  be  quarried. 

The  brook-trout  Is  an  object  of  wanton  destruction  In  northeastern  Hinue- 
acta.  This  beautiful  and  unlvetsallj'  admired  species  inhabits,  in  great 
numbers,  the  many  small  rivers  flowing  into  Superior.  These  streams.  In 
"fact,  bftve  become  one  of  the  most  famous  fishing  grounds  on  the  continent. 
That  the^  may  continue  so,  ther  must  be  protected.  Those  within  the 
State  of  Minnesota  are  visited  annual!;  bj  targe  numbers  of  amateur  fisher- 
men,  who  go  in  parties,  and  thus  make  most  enjojable  vacation  excursions. 
A  boatman  and  a  cook  are  engaged  at  Dulutb  or  some  other  accessible  point, 
who  load  into  a  sail-boat  a  store  of  provisions  and  other  essentials  to  com- 
fort and  pleasure,  and  then  take  the  ezcursionists  to  the  t)est  trout  streams 
•round  the  lake.  One  stream  after  another  Is  visited.  A*  camp  Is  pitched 
beside  each  where  it  empties  into  the  lake.  Then,  for  several  days,  per- 
haps a  week,  the  river  banks  are  lined  with  the  creeping,  stealthy  forma  of 
the  flshermen,  throwing  every  temptation  the  Ingenuity  of  man  can  devise 
before  the  eyes  of  the  waiy  trout.  By  diligently  and  patiently  continuing 
«t  their  posts  through  every  hour  from  daylight  mitll  evening,  it  Is  surpris- 
ing if  any  fish  are  spared  in  the  stream.  So  far  as  the  trout  are  caught  and 
«aved  for  food  within  the  legal  fishing  season,  it  is  not  proposed  here  to  find 
fault  witb  the  flsbermen.  The  trout  Is  one  of  those  species  of  fish  that  breed 
-during  the  autumn  and  early  winter ;  go  during  the  latter  summer  and  the 
autnmn  months  vast  numbers  are  ascending  the  streams  preparatory'  to 
«electlug  a  suitable  spot  for  a  spawning  ground.  At  this  season  the  fish 
should  be  protected,  that  as  large  a  number  of  eggs  as  possible  may  be 
^leposited.  But  to  catch  trout  at  any  season  of  the  year  solely  for  the  fun  of 
the  Ashing  is  an  inhuman  and  wasteful  sport  that  the  Btate  should  forbid 
«nd  punish  for  what  it  is — an  offense  against  humanity,  public  morality, 
«nd  the  future  well  being  of  the  commonwealth.  No  milder  expression  for 
stating  the  case  can  well  be  used,  when  a  party  of  anglers  fish  a  stream  until 
every  trout  that  can  be  captured  by  all  the  devices  of  modem  skill  and 
experience,  has  been  brought  to  land,  and  then,  after  the  day's  catch  has 
been  counted,  carelessly  thrown  away  where  Us  decay  will  infect  the  Sir  or 
poison  the  water  and  thus  prevent  Its  being  inhabited  by  others.  Specific 
cases  of  this  character  can  be  mentioned  where  the  waters  of  streams  have 
been  so  poisoned  In  this  manner  that  no  fish  have  lived  In  them  for  two  or 
three  years.  It  is  a  very  common  thing  for  parties  to  fish  out  a  stream  and 
select  only  the  very  largest  specimens  for  eating  and  salting,  throwing  all 
the  rest,  probably  three-fourths  of  their  whole  number,  back  Into  the  river. 
Such  treatment  of  the  fishing  grounds  causes  much  indignation  among  the 
people  living  in  the  northern  part  of  the  State,  and  who  have  alively  interest 
in  the  preservation  of  their  flsh  and  game.  It  is  true  we  have  game  taws, 
hut  It  is  a  very  difficult  thing  to  have  them  enforced  so  that  all  would  hold 
*  proper  respect  for  them. 
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On«  other  matter  U  worth  bringing  again  to  the  attention  of  the  people 
of  this  State. 

Last  jesr  the  State  Geologist  mads  protest*  against  the  wholesale  destruc- 
tion of  timber  in  the  northeastern  part  of  this  State  and  across  theboundair 
in  Canada.  A  Uwlen  «et  of  "  ezplorers,"  who  own  nothing  and  feel  no 
responsibility,  have  within  the  past  few  years,  destroyed  more  timber  and 
burned  down  to  the  rock  more  of  what  could  be  made*  fine  grazing  laud  than 
probably  all  the  gold  and  silver  they  will  ever  find  can  pay  for.  This  fre- 
quent destmction,  for  it  occurs  every  year  of  late,  has  been  chiefly  wanton, 
only  occadonally  are  the  flres  the  result  of  accident.  Very  often  when  an 
"  explorer  "  finds  a  vein  of  quartz  or  calcite  with  i  sprinkling  of  galenlte  or 
blende,  crossing  one  of  the  river  gorges  so  common  in  that  part  of  the  State, 
he  takes,  its  direction  ftnd  coolly  proceeds  to  set  Ores  along  its  coarse,  that 
when  the  leaves  and  soil  are  bnmed  oO  he  may  examine  it  in  various  places 
across  the  country,  and,  if  there  be  a  trace  of  any  metal,  proceed  to  mark 
out  mining  locations.  The  land  is  not  his ;  the  agent  or  the  owner  Is  k 
hundred  or  more  miles  away  and  can  know  nothing  of  the  crime ;  while  the 
party  committing  it  has  a  possible  chance  of  becoming  rich  from  the  frac- 
tional ownership  In  the  spot  .which  he  receives  from  the  speculator  who 
furnishes  him  with  his  outQt.  The  northeaetem  part  of  Minnesota,  together 
with  the  contiguous  part  of  Canada,  may  develop  into  one  of  our  finest 
mining  regions, — in  fact  there  are  many  geological  indications  of  its  exceed- 
ing richness  in  minerals,  but  the  writer  has  no  idea  that  its  product  from. 
this  source  will  ever  approach  the  capability  of  this  area  considered  as  a 
well  developed  agricultural  and  grazing  region. 

Mining  operations  cannot  be  carried  on  successfully  In  this  region  for 
many  years  to  come.  The  country  is  still  a  primeval  wtldemess.  There 
are  no  inhabitants  beyond  the  Irarders  of  the  lake.  There  are  no  means  of 
communication  from  one  point  to  another,  except  by  rough  narrow  trails 
and  by  canoes.  The  mining  locations  thus  far  taken  possession  of  will 
average  from  thirty-five  to  forty-five  miles  from  the  lake  shore.  Mining 
supplies  and  provisions  for  the  interior  must  be  taken  to  the  place  of  opera- 
tions by  troops  of  Indian  packers,  each  one  of  whom  takes  a  package  of 
about  one  hundred  pounds  weight,  which  he  transports  In  a  canoe  along  the 
navigable  water-courses  and  carries  on  his  back  suspended  by  a  strap  across 
his  head  whenever  he  leaves  his  canoe.  In  the  winter  season  trains  of  dogs 
are  brought  into  requisition,  and  these  poor  abused  creatures  would,  if  they 
only  could,  pray  for  death  every  hour  of  the  day  as  a  relief  from  their  sur- 
feit of  etsrvation  and  the  heartless  cruelty  of  their  treatment.  Such  Is  the 
usual  mode  of  transportation ;  but  where  a  settled  business  is  established 
other  and  more  civilized  methods  are  adopted, — usually  on  the  plan  of  each 
male  member  of  the  settlement  doing  a  share  of  the  work  proportionate  to 
his  strength.  The  Mayhew  brothers  of  Qrand  Maiais  each  winter  as  soon 
as  snow  falls  fit  up  their  train  consisting  of  a  dog,  a  billy  goat  and  a  hull. 

During  the  past  season  a  road  has  been  cut  through  the  forest,  along  the 
shore  of  the  lake  from  Duluth  to  Grand  Marals. '  This  road  is  a  veiy  primi- 
tive affair:  the  trees  along  its  course  have  been  cut  down  to  tiie  roots,  old 
logs  have  been  removed,  knolls  cut  away  and  the  streams  spanned  with 

•Annnal  Beport  tot  tha  jetr  1818,  p.  M. 
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cordnroy  bridges ;  in  short,  a  brotd  trail  haa  been  opened  chiefly  for  tbe 
dog  trains  tlut  carry  the  Canadian  mails  daring  tlie  period  when  navigation 
from  Prince  Arthur's  Landing  to  Daluth  U  closed  by  the  ice.  This  govern- 
ment trail  will,  no  doubt,  eventually  develop  into  a  substantial  highway,  oa 
soon  as  there  is  a  demand  for  its  more  thorough  construction  and  constant 
repair.  But  the  lake  will  always  be  used  as  the  cheapest  and  readiest  means 
of  transit  during  those  months  of  the  year  when  navigation  is  open,  and  it 
will  more  and  more  be  brought  into  use  as  the  increasing  demands  of  this 
large  contiguous  territory  make  more  regular  and  frequent  the  trips  of  the 
various  lines  of  boats  and  packets. 

Another  step  looking  towards  the  development  of  this  lake  Superior  por- 
tion of  the  State,  has  been  taken.  It  has  long  been  deplored  by  those  fami- 
liar with  the  northwest  shore  of  the  lake  that  there  was  throughout  its 
whole  distance,  from  Pigeon  Point  to  Duluth,  no  shelter  where  the  larger 
boats  could  And  refuge  from  storms.  The  whoie  extent  of  this  coast  line  is 
rocky ;  it  has  but  two  or  three  natural  harbors,  and  is  exceedingly  liable  to 
storms  and  heavy  winds,  especially  in  the  autumn.  An  appropriation  was 
made  by  the  present  Congress,  at  its  first  session,  of  ten  thousand  dollars, 
for  dredging  and  otlierwise  improving  Grand  Uarois  harbor.  This  harbor 
is  one  of  the  moat  beautlfni  spots  to  be  seen  anywhere  around  the  great 
lakes.  The  bay  is  nearly  circular,  about  two  miles  in  circumference,  and 
entirely  Inclosed  from  the  lake,  excepting  a  natural  entrance,  about  one 
thousand  feet  wide.  The  inner  shore  of  the  bay  Is  composed  of  the  charac- 
teristic brown  shingle  of  the  north  shore,  while  along  Its  front  a  wall  of 
solid  rock  separates  the  Inclosed  wster  from  tbe  lake.  The  natural  depth  of 
the  water  reaches  from  fifteen  to  seventeen  feet,  but  the  area  over  which 
this  depth  is  reached  is  not  large  enough  to  admit  the  handling  of  large 
vessels  within  the  bay.  The  improvements  of  Qrand  H&rais  harbor  have 
been  begun  under  a  United  States  engineer.  Major  Allen,  of  Bt.  Paul,  who 
will  make  it  ready  to  meet  the  necessities  of  the  navigation  of  this  part  of 
lake  Superior,  Just  as  fast  as  the  U.  B.  government,  will  appropriate  money 
for  carrying  on  the  work.  , 

Tbe  foregoing  remarks  bave  been  written  In  the  endeavor  to  point  out  the 
present  and  immediately  prospective  condition  of  the  mining  and  .other 
fndnetries  in  this  part  of  the  State,  and  to  show  the  absolute  lack,  so  far  as 
the  needs  of  the  mining  interests  are  concerned,  of  the  shadow  of  an  excuse 
for  the  wholesale  destruction  of  forests  which  there  annually  occurs. 

The  suggestion  of  the  State  Geologist,  expressed  last  year,  Is  most  heartily 
seconded  that  some  action  be  taken,  either  In  concert  with  tlie  Canadian 
authorities  or  by  this  State  alone,  towards  repressing  this  destruction.  If 
no  other  way  be  sufficient,  It  would  well  pay  to  employ  officers  to  ferret  out 
violations  of  law  and  to  bring  offenders  to  punishment. 
,  Bo  far  aa  the  geological  and  mlneraloglcal  work  Is  concerned  there  is  but 
little  to  report  at  this  time.  Tbe  observations  mode  were  limited,  for  the 
most  part,  to  a  strip  of  coast  lying  between  the  mouth  of  Poplar  River  and 
that  of  the  Devil's  Track.  This  section  is  about  twenty-five  miles  long.  It 
is,  like  all  the  rest  of  the  distance  from  Dulnth  to  Pigeon  Point,  rocky  and 
often  precipitous.  The  rock  strata,  almost  entirety  dark-colored  basic, 
and  of  igneous  origin,  tielong  evidently  to  the  so-called  cupriferous  series  of 
the  Lake  Superior  system ;  the  only  exceptions  so  far  aa  noticed  were, 
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acqordiag  to  present  recollection,  an  outcrop  of  qusrtzjtic  conglomerate 
below  Poplar  River,  a  bed  of  eandstone  varying  not  far  from  one  hundred 
feet  in  thickness,  sandwiched  in  between  two  beds  of  the  igneous  rock  at 
Good  Harbor  Bay,  and  several  outcrops  of  shale  in  the  neighborhood  of 
Grand  Marais.  Thia  latter  rock,  even  when  not  in  sight  along  the  shore, 
dUcloses  its  presence  under  the  water  or  underneath  the  drift  or  lacustrine 
deposits  above  the  beach  by  the  shingle  beaches  It  makes.  '  Its  color  is  a 
prevailing  reddish  brown,  and  it  is  very  generally  highly  fractured ;  indeed, 
in  the  viciuity  of  the  dikes,  wliich  frequently  break  through  It,  the  beds  are 
literally  shivered  into  fine  fragments. 

These  pieces  are  easily  brokeu  away  by  the  combined  action  of  the  frost 
and  waves,  and  the  ceaseless  movement  of  the  water  wears  them  to  a  smooth 
and  uniformly  flBttened  form,  induced  by  the  distsnces  between  the  Jointed 
surfaces.  The  hardness  of  the  rock  is  very  uniform,  consequently  the 
"shingle"  is  composed  of  pebbles  of  constant  size  and  very  regular  outlines. 

So  far  as  can  be  Judged  from  three  or  four  thin  sections,  hastily  examined, 
the  igneous  rock  is  a  diabase.  Essentially  the  same  rock  is  found  below 
Duluth,  and  the  microscopical  characters  show  but  little  variation  through- 
out the  whole  coast-lise  wherever  this  modiScatlon  appears — no  more  than 
would  naturally  be  expected,  perhaps,  in  extending  the  observations  of  a 
single  series  over  so  large  an  extent  of  territory  as  the  northern  bonier  of 
this  Lake  Superior  basin  comprises. 

A  section  of  the  rock  at  Good  Harbor  bay  showr  a  triclinic  feldspar  and 
Bugite  as  the  two  most  abundtuit  constituents,  together  with  some  granules 
of  ferric  oxide  and  magnetic  iron.  In  the  freshest  parts  the  bed  shows  no 
extended  decom position.  The  feldspar  seems  to  have  been  developed  first, 
since  it  shows  long,  slender  crystals  Ijqng  in  all  directions  through  the  rock. 
For  the  most  part  the  crystals  are  so  small  that  they  show  only  two  lamellfe, 
thus  reminding  one  of  Carlsbad  twins  so  clearly  shown  in  some  orthoclase 
or  monoclinic  ciystala  of  feldspar.  There  are,  however,  many  larger  por- 
phyritic  crystals  of  feldspar  which  show  undoubted  triclinic  striations,  and 
contain  numerous  Inclusions, — rectangular,  aphertcat,  and  of  every  imagin- 
able form  ahd  appearance..  The  augite  is  granular  for  the  most  part, 
though  there  are  some  clearly  defined  crystal  outlines.  On  the  whole,  it 
seems  to  fill  the  interstices  between  tbe  feldspar  ciTstals  wherever  there  is 
space  to  occupy,  yielding  but  very  little  to  the  other  constituent  and  the 
various  accessory  minerals.  Toward  tbe  top  of  the  beds  decomposition  has 
greatly  changed  the  outward  appearance,  and  has  produced  a  corresponding 
change  in  the  mineral  constitution  of  the  rock.  Besulting  from  the  decom- 
position and  disintegration  of  these  primary  constituents  are  many  secondaij 
products  of  various  chemical  constitution  and  physical  characters.  The  two 
most  commonly  occurring  secondary  minerals  in  dlabasic  rocks  are  ferric 
oxide  and  chlorite,  or  some  green  mineral  of  substantially  the  same  general 
properties.  In  this  particular  locality  the  minerals  resulting  from  this 
decomposition  are  unique  and  Interesting.  The  most  interesting  one,  per- 
haps, to  the  mineralogist,  is  the  Thomsontte,*  with  Liotonite  as  a  modifica- 
tion ;  but  It  Is  a  modification  possesung  such  married  characters  that,  in  the 
opinion  of  Professor  C.  N.  Bbepard,  as  expressed  in  a  private  letter  to  Pro- 
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fMBor  Peckbam,  it  will  hold  its  plkce  aa  a  distinct  species.  These  minerals 
^o  not  occur  in  ever^par^of  these  diabasic  beds,  but  only  In  those  parts 
that  seem  to  be  the  upper  and  porons  lajers  of  the  oTerflow.  Their  hsbltus 
la  quite  nnmiatakably  amygdaloidal,  and  in  size  they  reach  as  high  as  three 
inches  In  diameter. 

In  addition  to  the  observations,  het«  only  outlined,  which  were  made  along^ 
'tbe  shore,  trips  were  also  made  to  the  suminita  of  several  of  the  series  of 
■elevations  composing  the  Sawteeth  Mountains,  a  range  extending  from 
<}arlton'a  Peak  down  the  coast  to  the  Devil's  Track  and  beyond. 

These  elevations  are  formed  by  the  combined  result  of  Igneous  action, 
foldings  of  the  sedimentary  strata  and  erosion.  The  beds  have  a  general 
-southerly  dip.  As  they  rise  from  the  lake  at  an  angle  varying  from  eight  to 
"twelve  degrees,  they  reach  a  height  of  600  or  800  feet  and  even  more  at  a 
■short  distance  from  the  shore,  since  the  latter's  course  is  southwest  and 
ttortheast.  On  reaching  the  above  mentioned  height  the  summits  break  ofC 
'in  perpendicular  precipices,  one  hundred  or  two  hundred  feet  in  height, 
'banked  Dp  at  the  bottom  with  huge  taluses  of  broken  fragments  of  the 
fallen  rock.  Invariably  at  the  foot  of  such  a  precipice  there  runs  a  stream 
-generally  of  considerable  size,  which  discloses  in  the  outcrops  along  Its  bed 
the  geneni  character  of  the  lower  layers  of  the  rock.  The  rock  which  forms 
these  sanimlts  seems  to  be  substantially  the  same  as  the  shore  lin6  diabase, 
4c. ;  and,  indeed,  Jn  some  places  the  continuous  bedding  can  be  traced,  with 
but  little  interruption,  from  the  summit  almost  to  the  shore ;  this  is  the  case 
at  BlKk  Point,  where  a  stream  called  Indian  Camp  river,  courses  along 
under  the  talus  of  Black  Point  Mountain,  and  finds  its  waydown  to  the  lake 
over  a  continuously  rocky  bed  until  it  reaches  almost  the  water's  level.  The 
rock  at  the  top  of  this  peak  is  highly  porphyritic,  and  also  carries  many 
thomsoaites.  In  the  bed  of  the  stream  Just  named,  near  one  hundred  and 
Hfty  feet  t)elow  the  summit,  the  rock  Is  very  compact  and  carries  but  few 
thomsonites  and  occasional  feldspar  crystals.  These  latter  attain  a  length 
of  two  inches  or  more  and  are  filled  with  inclusions  that  impart  a  peculiar 
.^reenbh  tinge  to  their  color. 

It  has  already  been  stated  that  the  rock  constituting  the  summit  of  Carl- 
ton's Peak  is  a  nearly  pure  feldspar.  This  rock  ia  nry  coarsely  granular, 
— the  grains  often  showing  a  cleavage  surface  of  half  an  inch  or  more 
across.  Without  being  more  definite  it  can  be  stated  the  feldspar  is  a  vari- 
ety of  the  trlcUnlc  group.  The  summits  of  other  peaks  coaalst  of  a  por- 
phyry of  which.  In  many  hand  specimens  at  least,  seventy  per  cent,  of  the 
mass  is  composed  of  large  crystals  of  trlcllnic  feldspar;  while  the  rock 
along  the  shore  Is  flne  in  texture  and  presents  only  occasional  crystals.of 
this  mineral. 

Bo  the  question  very  naturally  arises  in  the  mind  of  the  observer,— Are  not 
these  three  typqs  mere  steps  In  the  modification  of  one  and  the  same  rock 
■species  1  And  he  will  at  once  set  to  work  to  trace  out  the  probabilities  and 
the  possibilities  in  the  case.  Indeed,  so  long  as  the  continuity  of  the 
Iieddlng  cannot  easily  be  followed  from  the  fresh  massive  rock  at  Glood 
Harbor  bay  to  the  typical  feldspar  of  Carlton's  Peak,  many  facts  seem  to 
lavor  the  acceptance  of  the  theory  that  a  sufficient  change  has  been  effected 
through  the  slow  action  of  those  chemical  and  physical  forces  ever  accom- 
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pliabing  meUunorphitm  to  bring  about  all  the  dtOeTeiiCM  to  be  seen  in  tbtt 
fipeclmens  collected  conwcativelf  between  these  two  extreme  points. 

Yet  there  are  some  objections  to  swallowing  thia  theory  wholly  without 
mastication.  The  first  one  is  suggested  by  the  lithological  structure  of 
Carlton'sPeaklitaelf;*  another  may  occur  to  one  while  obserrlng  the  hngo- 
blucks  of  feldspar  imbedded  in  what  Dr.  Norwood  calls  basalt,t  at  seven! 
places  along  the  sliore  below  the  mouth  of  Split  Rock  river ;  still  another 
objection  is  suspected  to  lie  in  the  composition  and  nature  of  the  fetdspar 
itseU.    Only  a  careful  study  in  the  held  and  in  the  laboratoiy  will  settle  th«- 

The  list  of  plants  herewith  reported  comprises  all  those  which  were  found 
and  of  which  specimens  were  secured.  There  are  upwards  of  one  hundred, 
additional  to  those  reported  by  ISi.  Juni,  last  year.  Borne  of  them  seem  tO> 
be  the  same  as  are  contained  in  that  collection,  but  under  another  name.  It 
was  thought  best,  therefore,  to  include  all  in  this  list  and  leave  all  correc- 
tions to  the  expert  who  shall  hereafter,  from  the  plants  on  hand,  make  a. 
corrected  list  for  final  publication. 


PLANTS  OF  THE  NORTH  SHORE  OP  LAKE  SUPERIOR, 
MINNESOTA. 

COLLECTED  BT  THOS.  B.  BOBERTB. 


The  area  embraced  by  the  following  list  is  a  narrow  strip  of  country  aloo^ 
the  north  shore  of  I<ake  Superior  from  Duluth  to  the  mouth  of  the  Devil'* 
Track  River,  forming  the  greater  part  of  the  lake  front  of  St.  Louis  and 
Lake  counties,  Minn.  The  period  of  observation  was  from  July  26  until 
8ept  2,  I87B. 

The  botany  of  the  tame  region  was  reported  upon  by  Hr.  B,  Juni,  in  th» 
report  for  ie7B;  but  as  considerable  new  matter  was  obtained  the  past 
summer  it  has  been  thought  best  to  present  the  full  list  of  the  species  Iden- 
tified the  present  season  with  brief  notes  on  their  occurrence. 

In  the  introduction  to  the  report  on  Ornithology  will  be  found  a  short 
description  of  the  general  character  of  the  country  worked  over,  so  that  it 
is  not  necessary  to  repeat  it  here.  The  vicinity  of  Duluth  waa  examined 
very  little,  or  no  doubt  many  other  introduced  and  marsh  plants  would  havfr 
been  found.  As  the  party  landed  only  here  and  there  along  the  shore,  and 
with  the  exception  of  two  or  three  places  but  for  a  brief  stay,  it  is  not 
possible  to  give  the  general  distribution  of  but  a  few  species,  and  those  th» 
roost  noticeable  ones.  In  other  cases  the  locality  where  the  species  waa 
found  and  its  abundance  there  is  all  that  can  be  given  with  any  degree  of 
certidnty. 

•  Owena'  Oeologlcal  SnrvcT  ot  VlMontEa,  lows  lod  UlnncMta,  Morwaod'i  Bcport, 
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The  Species  marked  with  %a  asterisk  (*]  are  In  addition  to  Ur.  Jiml'» 
list. 

RuiuncuLACB^B.    Crowfoot  Family. 

.  I.  Clemst is  Virgin iana,  X.  Common  Virgin's  Bower — Occaslona].  Sum- 
mit of  Blkck  Point  Hountaia  and  at  Beaver  Bay.    In  fruit  Aug.  24. 

2.    Thalictrum  Comtiti,  L.    Tall  Headow-Bue. — Common. 

•3.  RanimculuB  abortivus,  L.  Small-flowered  C— Black  Point.  Fruit 
Aug.  24. 

4.  Ranunculus  Pennsf Ivanicus,  L.    Bristlj  C. — Common  eTerywhere. 

5.  Cattha  palustiis,  L.    Harsl)  Marigold.— Common. 

•6.  Coptis  trifolia,  SatM.  Three-leaved  Ooldthread.— Abundant,  espe- 
cially along  Derli'fl  Track  River.    In  fruit  Aug.  16. 

7,  Aquilegia  Canadensis,  L,    Wild  Columbine.— Grand  Harais. 

8.  Actaea  splcata,  L.,  var.  rubra,  Mehx.    Red  Baneberry. — Common. 
•9.    Actaea  alba.    Bigel.    White  Ban ebeny.— Common.     This  and  th» 

preceding  fruiting  In  August. 

Ntmphabacba.    Water-Lily  Family. 

10.  Nuphac  adrens,  Ait.  Common  Yellow  Pond-ltly. — Common  In  suit- 
able  places  as  in  the  pond  at  Grand  Harais. 

*11.  Nuphar  luteum,  SmWi,  var  pumilum.  Small  Yellow  Pond-lily. — 
Found  quite  common  and  la  bloom  In  Duluth  Harbor  July,  1877. 

FuiUBiACKA.    Fumitory  Family. 

13.  Coiydalisglauca,  i^irsA.  Pale  Cory  del  is — Common  and  in  full  bloom, 
Aug.  25,  on  the  nearly  hald  summit  of  Carlton  Peak. — Qraiid  Usrals. 

14.  Corydalis  aurea,  WiM.    Qoldea  Cotydalfa.— Duluth,  July,  1877. 

Ckuciwkrm.    Mustard  Family. 

*19.    Capaella  Borsa-pastoris,  Mitneh.     Shepherd's  Purse.- Abundant. 

ViOLACBA.    Violet  Family. 

*lfl.  Viola  rotundifoUa,  MiOx.  Round-leaved  Violet.  A  violet,  appa- 
rently this  species,  bearing  so  late  In  the  season  only  cleistogamlc  flowers- 
and  fruit  was  common  in  the  forest. 

DBoeEHACK.s.    Sundew  Family, 


HV7ERICACS.K.    St.  John's-wort  Family, 

*18.  Hypericum  mutilum,  L.  St.  John's-wort. — Common  near  IStuart 
river,  where  it  closely  approaches  var,  Oymnanthum.    Beaver  Bay. 

•19.  Elodes  Virglnica,  JfuH.  Harsh  St.  John's-wort.  Common ;  in  fruit 
latter  part  of  Aug.  in  marshes  at  Dninth  and  near  Stewart  river. 
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CABroPiiTLLi.cE A.    Pink  F&mllj. 

•20.    Certutlum  TiscoBum,  L.     Larger  House-ear  Ghickweed.— Beaver 
Bay  and  Duluth ;  commoD.    Is  apparentlj'  this  species  and  not  nvton«,  Eaf. 
*21.     Lychnis  Glthago,  Xom.    Com  Cockle. — Duluth. 
QBitanucBJE.    0«nuiluin  Famiif. 

22.  Qeranlum  Carol Inlanum,  L.    Carolina  Cranesbill. — Little  Harais. 

23.  Impatiens  fulva,  ifuU.  Spotted  Touch-me-not. — Common  erery- 
trhere.  At  Beaver  Bay  a  spotless  variety,  with  less  reflected  spur,  was  com- 
mon and  grew  iutenningled  with  the  ordinary  form,  without  showing  any 
wgns  of  intergradation. 

«24.  Oxalls  Acetosella,  L.  Common  Wood -sorrel.— Common  in  the  deep 
Arbor-vitte  swamps.  In  this  species  each  petal  has  a  yellow  spotat  the  base 
Inside. 

*2S.  Oxalls  stricta,  L.  Tellow  wood-sorrel.— Comm on  at  Beaver  Bay. 
Duluth. 

Akacahducsa.    Cashew  Family. 

26.  Rhus  Toxicodendron,  L.    Poison  Ivy. — Minnesota  Point;  common. 

Safisdacba.    Boapbeny  Family. 

27.  Acer  spicatum,  Lam.  Mountain  Maple. — Abundant  all  through  the 
woods,  and  in  fruit  in  August. 

28.  Acer  aaccbarinum,  Wang.  Sugar  Maple.— " Sugar  bushes"  are 
«ommon,  and  a  large  amount  of  maple  sugar  is  made  by  the  Indians. 

LEOCumoBiB.    Pulse  Family. 

•29.  Trifolium  pretense,  L.  Red  Clover.— About  towns.  Common  at 
Beaver  Bay  and  Duluth ;  scarce  at  Grand  Manis. 

*30.    Trifolium  repens,  L.    White  Clover.— Common. 

31.  Lathyrus  maritimus,  Sigdote.  Beach  Pea. — In  addition  to  the  three 
localities  given  by  Mr.  Junl  thispeaalsooccurscommonlyat  Beaver  Bay  and 
Sandy  Beach;  and  doubtless  at  numerous  other  points  along  the  shore. 
In  the  two  localities  just  mentioned  it  was  in  bloom  sparingly  In  the  latter 
part  of  August,  while  a  few  plants  wore  in  fruit  at  Poplar  River  Aug.  B.  It 
does  not  seem  to  be  very  faithful. 

RosACE.«.    Rose  Family. 

32.  PrunuB  Pennsylvsnics,  L.  Wild  Red  Cherry.— Fruit  ripe  in  latter 
part  of  August. 

33.  Spinea  opulltolta,  Z.  Klne-Bark. — Common  on  the  rocks  all  along 
the  shore,  where  it  was  covered  with  bloom  and  fruit  in  the  latter  part  of 
July  and  August. 

34.  Bplnes  salicifolia,  L.  Meadow  Sweet. — Common  on  the  "peninsula" 
at  Qrand  Marais. 

•35.    Geum  macrophyllum,  Wilid.    Aveos.— Abundant. 

35.  Gteum  strictum.  Ait.    Avens.    Grand  Marais ;  in  fruit  July  31. 
.37.    Potentilla  Norveglca,  L.    Clnque-foil.'— Oommon. 
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38.  PotentiUa  fruticosa,  L.  Shrubby  Cinque-foil.  Abnnduit.  Growing' 
eveiywhere  on  the  dtunp,  mou-covered  rocks,  wtiere  not  washed  by  the 
ynvM,  and  in  full  bloom  during  the  early  part  of  August. 

39.  Potentilla'tridentata,  Ait.  Three-toothed  Cinque-foil.  Everywhere 
common  on  the  rocks  and  on  MinneBota  Point.  In  the  laat  locality  it  grows 
in  the  dry,  loose  sand. 

«40.     Potentilla  palustris,   Soop.     Marsh  Cinque- f oil,— Orand  Marals  ; 


41.  Fragaria  vesca,  L.    Wild  Strawberry.— Devil's  Track  River. 

42.  Hubus  Nutkanus,  Modno.  White-Flowerinit  Kaapberry.— Abundant 
everywhere,  but  especially  along  old  trails  and  about  clearings.  lUpening^ 
fruit  flrst  week  in  August. 

43.  RubuH  triflorus,  ttiehatdmm.    Dwarf  Raspbeny. — Common.  • 

44.  Rubua  strlgoaua,  Midix,  Common  Wild  Raspberry. — Abundant  and 
wonderfully  prolific.  The  fruit  this  year  principally  during  the  latter  part 
of  August. 

45.  Rosa  lucida,  Bbrliart.     Dwarf  Wild-Rose.     Common  on  »andy  soil. 

46.  Pyrus  Americana,  DC.  American  Mountain  Ash. — A  common  tree^ 
attaining  considerable  size.  Professor  Winchell  collected  specimena  where 
the  trunk  was  at  least  12  inches  in  diameter,  and  perfectly  sound.  OtherSr 
though  unsound,  were  IS  and  16  Inches. 

47.  Amelanchter  Canadensis  var.  oblongifolia.  June  Berry. — A  smalt 
tree  found  at  Devil's  Track  lUver  Aug.  21,  v[ith  few  mostly  unripe  berrtea 
could  be  referred  only  here.  It  seemed  very  late  in  the  season  for  the  fruit 
of  this  species  to  be  still  unripe. 

SAXiFBAeACSA.    Soxlfrage  Family. 

*4S.  Ribes  rot undi  folium,  Mkhx.  Qooseberry. — Grand  Morals.  In  fruit, 
second  week  in  August. 

49.    Ribes  lacustre.  Pair. — Qooseberry.    Qrond  Morais.    In  fruit  Aug.  12. 

80.  Ribes  prostratum,  Z>.Si)r.  Fetid  Currant.  "  Skunk- Berry.  "—Every- 
where common. 

61.  Ribes  rabmm,  L.  Red  Currant. — Found  sparingly  at  Black  Point, 
with  ripe  fruit  Aug.  24. 

•S2.  Mitella  nuda,  L.  Bbliop's  Cap.— Common  at  Grand  Marals,  and 
doubtless  elsewhere. 

Ohaoracba.    Evening  Primrose  Family. 

fiS.    GircKa   alpina,    L.     Enchanter's    Nlgbt-sliade. — Abundant   every- 

&4.  Epilobium  angustlfolium,  L.  Great  Wlllow-lierb. — Common,  espec- 
ially on  burnt  areas. 

EC.  Epilobium  palustre,  L.,  var.  line&re.  Willow-herb. — Common  In  &. 
marsh  near  Stewart  ]Uver. 

56.  Epilobium  coloratum,  MiM.    Willow  herb. — Common. 

57.  (Enothera  biennis,  L.    Evening  Primrose. — Common. 

Uhbblldtmrs.    Parsley  Family. 

58.  Heracleum  lanatum,  Mteba.    Cow-Parsnip. — Common. 
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59.  Clcuta  balblfera,  L.  Water- Hemlock. — Common  about  a  marshy 
pond  near  Stewart  River. 

«flO.  Slum  lineire,  Mkhx.  Water  Puanip. — Common  on  low-groimd 
near  Stewart  River. 

61.  Slum  Carsoni,  I>uTand,  itted.  Water  Parsnip, — Specimen  doabtfally 
^referred  to  thia  Bpeciea. 

'Araliace/K.     Oingeng  Familj-. 

62.  ArsUa  hispida,  Mi<Ar.     BriBtty  Barsaparilla.— Common  along  the 

63.  Aralia  audicauUa,  Z.  WUd  Barsaparilla.— Wocde ;  common.  Fruit- 
ing middle  of  August. 

CoKKicSM.    Dogwood  Family. 

64.  ComuB  Canadensis,  L.  Dwarf  Cornel. — Abundant  everywhere.  In 
fruit  and  fiower  first  week  of  August.  Some  blossoms  appear  to  turn  pink 
with  age. 

66.  Coraus  clrcinata,  VBer.  Round<leaved  Cornel.— Carlton's  Peak, 
Aug.  25.     In  fruit. 

66  Oomus  Btolonifera,  lEehx.  Red-osier  Dogwood.  Kinnikinnik.— 
-Abundant. 

Capripolucba.    Honeysuckle  Family. 

67.  Llnuea  borealis,  Qronor.  Twin- flower. —This  pretty  little  plant,  the 
Dwarf  Cornel  and  the  OUntonia  are  the  moat  common  smalt  flowering  plants 
found  in  the  moss-carpeted  forest.  Out  of  blossom  for  the  most  part  before 
■our  arrival. 

65.  Lonlcera  hirauta,  EtOan.  Haliy  Honeysuckle.— Mouth  of  Devil's 
'Track  River;  green  fruit  Aug.  21. 

69.  Diervllla  triflda,  JfoncA.    Bush  Honeysuckle. — Abundant. 

70.  Bambucua  pubeng,  Mida:.  Red-berried  Elder. — Common.  In  fmlt 
in  the  early  part  of  August. 

71.  Viburnum  Opulus,  L.    High-bush  Cranberry.— Ripe  fruit,  Aug.  35. 

B.jTBUi.cKM.    Madder  Family. 

72.  Qalium  aaprellnm,  Mielve.  Rough  Bedstrsw.— Common.  In  bloom 
.Aug.  21. 

•73.    Qallum  trifldum,£.    SmallBedstraw.— OrandMarale;  Beaver  Bay; 


74.  (Hlium  trlflorum,  L.  Sweet-scented  Bedetraw. — Common.  In  bloom 
And  fruit  at  Qtand  Marals,  Aug.  20. 

C0KPOBIT.X.    Composite  Fnmily. 

75.  Eupatorium  purpureura,  L.  Je-Pye  Weed.— Abundant  at  Devtl'a 
Track  Lake. 

*T6.  Aster  macrophyllum,  L.  Aster. — Abundant  at  Grand  Marals  and 
•elsewhere ;  coming  into  bloom  the  first  week  of  August. 

77.  Aster  sagittlfolius,  WtlU.— Very  common,  and  in  full  bloom  during 
latter  part  of  August. 
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*Te.    Aater  miser,  L.,  AH. — Common. 

•  78.  Aater  airaplei,  WiKd.— This  or  a  closely  allied  species  grew  in 
abuodaace  on  a  piece  of  low  ground  neH'  Stewart  River,  forming  dense, 
TKnk  ctumps,  In  full  bloom  Aug.  31. 

80.    ABter  punlceusus,  X.— Qoite  frequent. 

SI.  Aster  ptnrmicoides,  Torr.  t  Or. — Verj  common  all  aloag  the  shore, 
^growing  in  the  clefts  of  the  rocks.    In  full  bloom  the  latter  put  of  July. 

•82.    Erlgeron  Canadensis,  L.    Horse- weed. —Grand  Marais. 

•83.  Diplopappus  umbell&tuB,  Torr.  ,t  Or.  Double-bristled  Aster.— 
.Abundant ;  Just  coming  in  bloom  Aug.  11. 

84.  Solidago  blcolor  var.  uoncolor.  Cloiden-Rod. — Common  everywhere 
on  rocks. 

•SS.    Bolidago  latifolia,  £.— Beaver  Bay  ;  common. 

•86.    Solidago  Btricta,  AH. — Oiand  Marais;  common  on  wet  ground. 

•87.    Bolidago  arguta,  jIA.— Common. 

•88.    Solidago  memoralls,  .^il.— Minnesota  Point;  r»ther  common. 
.  •83.    Bolidagi)  gigantea,  .dit.-^Beaver  Bay  and  Duluth ;  common. 

90.    Heliopsis  Itevis,  Par*.    Ox-eye.    Orand  Marais  and  elsewhere. 

•91.  HellanthuB  giganteus,  L.  Wild  San- flower.— Frequent  along  Beaver 
Bay  Creek. 

•92.    Bldens  frondota,  L.    Common  Beggar-ticks.— Duluth ;  common. 

•93.  Bldens  cemna,  L.  Small  Bur-Harigold.— Common  in  a  marsh 
near  Stewart  River. 

•94.    Haruta  Cotula,  DC.    Hay-weed.— Duluth. 

95.  Achillea  Hillefollum,  L.  Common  Tarrow. — Abundant.  The  rose 
colored  variety  occurs  sparingly,  showing  all  shades  of  color  from  white  to 
.«  quite  deep  pink. 

•96.    Artemesla  biennis,  WiOd.     Biennial  Wormwood— Duluth. 

•97.  Antennaria  margaritacea,  B.  Brown.  Pearly  Everlasting.— Beaver 
Bay;  common. 

•98.  Cirslum  undulatum,  Sprvng.  Thistle.— In  a  grass  field  at  Grand 
JIarais.    Said  to  have  made  its  appearance  the  year  previous, 

99.  Hleraclum  Canadense,  Miekx.  Canada  Hawkweed. — Abundant; 
Itlooming  first  week  in  August. 

•100.    Hieracium  sc&bra,  Mieltx.    Rough  Hawkweed.— Beaver  Bay ;  fre- 

101.    Kabalus  albus.  Book.    White  Lettuce.— Grand  Harais. 
•102.    Taraxacnm  Dens-leonis,  JDeM.    Common  Dandelion.    Beaver  Bay 
And  Duluth. 

•103.    Hulgedium  leucophtemn,  DC.    FalsaorBlueLettuce.— Occasional. 
•104.    Bonchus  asper,  F«.    So w-Thlstle.— Grand  Marais,  Beaver  Bay. 

LoBXLUCEte.    Lobelia  Family. 

105.  Loblia  Ealmii,£.  Ealm's  Lobelia.— Growing  quite  commonly  in 
ilttle  tufts  In  the  clefts  of  the  rocks  along  the  shore. 

Camfamulack^.    Campanula  Family. 

106.  Campanula  rotundlfolia,  L.  Harebell. — Common;  varying  through 
intermediate  forms  to  the  variety  UnifoHif. 
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107.  Campannls  Ap&rinoides,  Purth.  Harsh  Bellflower. — Oruid  Harus  p 
quite  common.    In  bloom  Aug.  12. 

Ekicaclb.    Heath  Familf. 

108.  Vacctnium  Ozjcoccub,  L.  Small  Cranbeny. — Common  in  the* 
marsh  at  Qrand  Haraie  and  on  a  small  island  in  Superior  Baj. 

*109.  ViccinlviiD  PennHjlvanlcum,  Lam.  Dwarf  Bluebeny.  —  OromS 
HaraU. 

110.  Cbiogenes  higpidula,  Torr.  *  Gr.  Creeping  Snowberry— Grand 
Uartus.    Id  fruit  near  Devil's  Track  Lake  the  middle  of  August. 

111.  Arctostaph;los  Dva  nrsi,  Spreng.  Bearbeny.— Orand  Haraia  ;  com- 
mon.   Prult  ripe  in  August. 

112.  Oaultheiia  procumbens,  L.  Aromatic  Wintergreea.— Hiunesot*. 
Point ;  common.     In  blossom  Bept.  1. 

•113.  Cassandra  caliculata,  Don.  Cassandra. — Minnesota  Point ;  com- 
mon on  low  ground.    Grand  Haraia. 

*114.  Andromeda  polifolia,  L.  Andromeda. — Common  in  the  marsh  at. 
Grand  Harais. 

lis.  Ijodum  latifolium,  AH.  Labrador  Tea, — Abundant.  Far  advanced, 
in  fruit  at  Grand  Haraia,  Jul;  28. 

116.  Pyroia  rotundifolia,  L.    Round-leaved  Winter- Green. —Black  Point. 

117.  I^o^la  chloradtliB,  SwUt.  Winter- green.— Common.  Fruit  Ang.. 
M. 

118.  Pyrola  secunda,  L,'    Winter- green.— Common. 

119.  Honeaea  uniflora — .  One-flowered  Pyrola, — Grand  Harais.  In 
bloeeom  July,  31. 

*120,  Chimsphlla  umbellata  IfvU.  Princes  I^e.  Plpsisewa. — Local. 
Common  at  Devils'  Track  Lake  and  Just  passing  out  of  bloom,  Aug.  16. 
Minnecots  Point ;  sparingly  in  bloom,  Sept.  1. 

121.  Monotropa  uniflora,  L.  Indian  Pipe.— Common.  In  bloom  and. 
fruit  latter  part  of  August. 

♦122.    Honotropa  Hypopltys,  L.    Pine-sap.— Only  two  specimens  found 
Caribou  Point,  Aug.  24  in  full  bloom ;  summit  oi  Carlton  Peak,  Aug.  23,  in 
fruit, 

PLinTAdiKACE^.    Plantain  Family. 

123.  Flantago  major,  L.    Common  Plantain.— Bove  Lake  Tndl,  etc. 

PantuhAtsXM,    Primrose  Family, 

124.  Primula  Histassinica,  Midtx.  Primrose.- A  vety  abundant  plant, 
forming  thick  patches  along  th«  crevices  of  the  rocks  all  along  the  shore. 
Out  of  blossom  and  fruitage  on  our  arrival,  July  27. 

125.  Trtentalis  Americana,  PvrA.  Star-flower.— Common  everywhere  ^ 
mostly  out  of  blossom  before  Aug.  I. 

126.  Lysimachla  stricta,  Ati.  Loosestrife.— Orand  Harais;  common- 
Came  Into  bloom  early  in  August. 


byGoO'^lc 


STATE   GEOLOQIBT.  145 

iMSTOUhkc^x.    Blodderwort  Funily. 

«127.  UtriculMi*  Tulgaris,  L.  Greater  Bladdorwort.— Common  In  a 
pond  near  Stewart  River.    In  bloom  Aug.  30. 

•128.  Pingniciila  TulgarU,  i.  Butterwort.— Rather  common  about 
pools  and  wet  moaay  places  on  the  rocks.  Wholly  out  of  blossom  on  our 
arrival,  July  27. 

8oB0FHnLABiACB«.    Flgwort  Family. 

*ia9.  Yerbucum  Thapaua,  i.  Common  Mullein.— Common  in  an  old 
pasture  at  Beaver  Bay. 

130.  Chelone  glabra,  Z.    Turtle- head.— Black  Point ;  common. 

131.  Himulus  ringens,  L.  Monkey  Flower— Common  on  low  gronnd" 
near  Stewart  lUver.    Out  of  bloom  Aug.  SO. 

*182.  Veronica  Americana,  StAtw^mtf.  American  Brookllue.— Beaver 
Bay. 

•138.  Euphrasia  offlcinalls,  L.  Eyebright.— Abundant  everywhere  about 
the  edges  of  moasy  thickets,  especially  on  the  rocky  "  peninsula  "  at  Qrand 
Maraia.  In  bloom  the  last  of  July  and  during  August.  Bmall  and  little- 
branched  in  exposed  sltnatlons;  larger  and  much  branched  among  other 
vegetation. 

134.  MelampjTum  Amerlcanum,  Jfic&e.  Cow- Wheat — Minnesota  Point ; 
common.    In  bloom  and  fruit  Sept.  1. 

Lasiata.    Mint  Family. 

*13S.    Mentha  Canadensis,  L.    Wild  Mint. — Orand  Maraia ;  common. 

136.    Lycopus  Yirglnicus,  L.    Bugle-weed.— Common. 

•137.    Nepeta  Cataria,  L.    Catnip. — Qrand  Marais;  about  an  old  garden. 

13B.    Brunella  vulgaris,  L.    Bel f-heal.— Beaver  Bay ;  common. 

•139.  Bcutellaria  galericolaU,  X.  Scnilcap,— Cascade  lUver.  Orand 
Marais. 

•  140.    Bcutellaria  lateriflora,  Z.    Mad-dog  Bkullcap.— Rove  Lake  Trail. 

141.  Qaleopsls  Tetrahit,  Z.  Common  Hemp-Nettle. — Very  oommon ; 
growing  on  the  shingle  especially.  Corolla  almost  universally  white, 
marked  with  yellow  in  the  throat ;  rarely  purple. 

•143.  '  Stacbys  palustris  var.  asper.  Hedge-Nettle.— Little  Marais.  Pali- 
sades, Aug.  26 ;  common  and  in  bloom.  The  variety  eordata  common  near 
Stewart  River. 

BoBKAanACKS.    Borage  Family. 

143.  Mertensia  paniculata,  Don.  Smooth  Lungwort. — Abandaot.  The 
flower  buds  pink,  turning  blue  aa  they  open,  thus  giving  the  flowering  plant 
a  showy,  varigated  appearance.    Btill  blooming  in  Angn«t. 

QsSTUXACKat.    Qentian  Family. 

144.  Halenia  deflexa,  gritebaeh.    Spurred  Qentian.— Common. 

145.  Menyanthes  trlfoliata,  Z.  Buckbean.— Grand  Marais.  D.  T.  Lake. 
Out  of  bloom. 
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CHXMoPODUCBf .    Qoosefoot  Family. 

*146.  Cbenopodium  album,  L.  Iamb's  Quarters.— Onnd  Mania;  on 
cultivated  ground. 

*147.  Blitum  capltatum,  L.  Strawberry  Blite.— Minnesota  Point.  Ripe 
fruit  and  blogsoma,  Sept.  2. 

«148.  COTispermum  byBsopifoUum,  L.  Bug-seed.— Common  on  Hinne- 
■ota  Point.  [It  may  be  of  interest  to  note  that  this  plant  also  occurs  in  tbe 
vicinity  of  Hinneapolis,  though  not  heratotore  reported  from  the  State.  ] 

Aif ABAiiTACX.a.    Amaranth  Family. 

*149.    Amarantus  retroflezus,  L,    Pigweed. — Duluth;  common. 
*1S0,    MoQtelia  tamariacinia, — .Common  on  Minnesota  Point  and  about 
Dnluth. 

PoLTaovACK.s.    Bnckwheat  Family. 

*1S1.    Polygonum   vivipamm,    L.    Altilne  Bistort.— A  single    plant  in 
bloom,  and  with  many  red  bulblets,  found  at  Grand  Uaiais,  Aug.  21. 
•152.    Polygonum  Persicaria,  L.    Lady's  Thumb.— Common. 
•1S3.    Polygonum  Hydropiper,  X.  CoDunoa  Smart- weed.— Duluth;  com- 

*lMt.    Polygonum  acre,  H.  B.  K.    Water  Smartweed. — Common. 

*1SS.  Polygonum  ampbibium  var.  terrestre,  "WiUd.  Water  Fersicoria. — 
Common  near  Stewart  River,  and  one  form  close  to  rarity  ayuaticum. 

•1S6.  Polygonum  orticulatum,  Z.  Joints  red.  Common  and  In  full 
bloom  Sept.  1,  on  Minnesota  Point.  A  very  pretty  plant,  growing  in  the 
dry  sand, 

*1ET.    Polygonum  aviculare,  L     Enotgroas. — Common. 

*15d.  Polygonum  sagittatum,  L.  Arrow-leav^  Tear-thumb. — Common 
mround  a  pond  near  Stewart  River. 

*169.  Polygonum  ConvolTuloa,  L.  Black  Bindweed. — Common  about 
cultivated  grounds. 

ISO.  Polygonum  cllinode,  Mieha.  Block  Bindweed. — Abundant ;  spring- 
ing up  in  profusion  on  burnt  areas. 

*iei.  Rumez  orbiculatus,  Orag.  Qreat  Water  Dock— Near  Stewart 
liver;  common. 

182.    Rumex  Acetosella,  L.    Sheep  Sorrel. — Common  all  along  the  shore. 

Caluthbichacea.    Water  Starwort  Family. 

•163.  Callitriche  veroa,  L.  Water  Starwort. — Common  ;  Pallisodea, 
Duluth,  etc.    Orowing  both  In  and  out  of  water.    Fruit  and  flowers,  Sept.  2. 

URTICACB.K.    Nettle  Family. 

144.    Urtica  gracilis  Alt.    Common  Nettle.— Common. 

CmnjrKax.    Oak  Family. 

185.  Corylus  rostrata.  Ait,  Beaked  Hazel-nut. — Common ;  in  fruit 
Aug.  B, 
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BiETirLAOEiB.    Biich  Familr. 

166.  Betula  papfracea,  A&.  Paper  Birch.— Abundant  eTerjwhere.  The 
bark  of  thl«  tree,  together  vith  (hat  of  the  "Cedar"  (Arbor-vltee),  la  tuade 
(ue  of  in  lonumerable  wajs  bf  tlie  Indiana. 

167.  Alnus  Tliidia,  D.  C.  Green  Aider. — Common.  Forming  am&ll 
«lumpB  along  shore,  wherever  it  can  get  a  foot-bold. 

Baucacka.    Willow  Family. 

168.  Populua  tremuloidea,  MteAa.    American  Aspen. — Abundant. 

CofliFERA.    Fine  Family. 

169.  Pinua  Bankuana,  Zambert.    Northern  Scrub  Pine. — Common. 

170.  Finus  StTobua,  L.  White  Hne.— Common ;  but  there  bno  extensive 
pine  forest  on  the  lmm(Mli&te  shore. 

171.  Abiea  niger.    Pair.    Black  Spruce. 

172.  Abies  alba,  Miehx.    Wliite  Spruce. 

173.  Abies  balsvuea,  MttrthcOl    Balsam  Flc. 

174.  lArlx  Americana,  JfibAx.  Tamarack. — Common,  growing  often  on 
blgh  ground. 

175.  Thuja  occtdentalla,  L.  American  Arbor-vitn.  Forming  the  dense, 
almost  impenetrable  "cedar-awamps"  of  thia  region.  Attains  a  large  size 
—two  to  three  feet  in  diameter. 

176.  Junlperua  communia,  L.  Common  Juniper.  Minneaota  Point ; 
common. 

177.  Tazna1)accata,X.,  var.  Canadensis.  Am.  Tatv.  Ground  Hemlock. 
— Abundant.    Frait  ripe  during  August. 

Abacks.    Arum  Familj. 

178.  Cala  paluatris,  L.  Water  Arum. — Stewart  river.  Common  about 
Duluth  i  blooming  in  Julj. 

179.  Acorns  Calamus,  L.    Sweet  Flag.— Duluth ;  common. 

IiEunAcxA.    Duckweed  Famllj. 

•ISO.    Lemna  minor,  £.    Duckweed.— Dnlutb  harbor;  common. 

TVPHACBA.    Cat-tall  Family. 

*181.    Tjpha  latifolia,  L.    Common  Cat-tall. — Duluth ;  common. 

Naiasaocba.    Pond-weed  Family. 

*I183.  Potamogetou  CUytonl,  Tuekerman.  Pond -weed. —Common  in  a 
small  stream  near  Stewart  River. 

*183.    Potamogeton  ampllfoliua,  Miehie. — Devil's  Track  Lake  ;  common. 

*184.  Potamogeton  gramlneua,  £,— Devil'a  Track  Lake;  abundant. 
Fruiting  middle  of  August. 

AusHACR^.    Water-Plantalu  Family. 

.  elatum.    Arrow-OraM— Duluth  ; 
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*l$9.  AlismB  Plantsgo,  L.,  vsr.  Amerlc&num.  Water- Plantain. — 
Dulath  ;  abimdant.    Blosaom  and  frutt  Sept.  S. 

•1ST.  Sagittaria  variabillB,  Sngelm.  Arroir..head.— Common  near  Stev- 
artlUver. 

Htdrochariiucb^.    Prog'fl-bit  Family. 

•18B.  AiutcbuiB  Canadensb,  PlajuAon.  Water- weed. —Duluth  harbor ; 
common. 

*189.  YalllBneria  spiralis,  L.  EelJgraw.  Water  Celeir.— Duluth  har- 
bor; common. 

Urchiiuckx.    Orchie  Pamilj. 

•190.  Habenarla  Tiridis,  R  Br.,  var.  bracteaU,  Relchenbach.  Rein- 
Orchis.— Carlton's  Peak,  Aug.  2S ;  in  bloom. 

191.  Habenaria  obtuaata,  Aibftanlwn.  Rein-Orcliia. — Abuod&nt ;  bloom- 
ing Jul;  and  August. 

192.  Habenarla  orbiculata,  Torr.    Orchia.— Devil's  Track  River. 
•133.    Ooodfera  repeui,  JR.  Br.    Rattlesnake-Plantain*. — Abundant. 
•194.    Calopogon  pulchsllns,  S.  Br.    Grass  Pink. — Common  on  a  small 

island  in  Superior  Baj.    Blooming  middle  of  July  [1677.] 

•19B.  CalTpso  borealis,  SalM.  Calypso. — Some  dead  scapes  and  Qowers 
collected  at  Black  Point,  Aug.  24,  are  evidently  referable  to  this  species. 

IxiDACKA.     Iris  Family. 

196.    Iris  versicolor,  L.    Large  Blue  Flag.— Grand  Hsrais ;  common. 

LiLiACEA.    Lily  Family. 

•197.  Trilliiun  cemuum,  L.  Wake-Robln.-r-Grand  Uarais.  In  fruit 
Aug.  IG. 

•198.  Btreptopoe  roseus,  JHiAv.  Tuisted- Stalk. — Common.  Fruiting 
during  August. 

199.  Clintonia  borealis,  B4tf.  Kortbem  CUntonia.— Abundant  and  in 
fruit. 

•200.    Smllscina  blfolia,  Zer.    False  Solomon's  Seal. — Common. 

201.  Bmilscina  trifolla,  Buf.    False  Solomon's  Seal. 

202.  Lllium  Philadelphicum,  L.  Wild  Orange-red  Idly.— Occadonal 
along  the  shore. 

FxucBS.    Ferns. 

203.  Polypodlnm  vulgare,  L.    Polypody. — Abundant ;  growing  on  th« 

204.  Pterlsaquilina,  L.  Common  Bracke. — Common  about  Devil'sTrack 
Lake  and  along  Rove  Lake  Trail. 

•209.    Asptenium  Fillz-fcemlna,  Bemh.    Spleenwort, — Common. 
•206.    Phegopteris  polypodioldes,  Fia.    Beech-Fern.    Abundant. 
•207.    Phegopteris  Dryopteris,  Fig.    Beech  Fern. — Common  everywhere. 
•208.    Aspidinm  spinulosum,  SwirU.  var.  dll»tstum.    Wood-Fern.— Cas- 
cade River. 
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«20t.     Cj^topteria  bulblfera,  SamA.    Bladder-Fern.— Cascftde  River. 

«210.  Ojatopteris  fragilU,  BfrnA.  var.  deatatum,  ffot^  Bladder-Fern.— 
Cascade  RlTer. 

211.  Onoclea  seiuibilu,  L.  Be Dsitlve-Fem.— Abundant  along  the  DeTfl'g 
Track  River. 

*212.  Woodala  Ilvensi«,  R.  Brown.  Woodaia. — Very  common  on  tlie 
Tocka  all  along  the  shore.  A  dwarf  form,  one  to  three  inches  high,  jet 
fruiting  freely,  was  common  in  the  clef ts  of  the  rocks  on  the  summit  of 
Carlton  Peak. 

•213.  Osmunda  regalia,  L.  Flo wering-Fem.— Common  along  Devil's 
Track  River. 

«214.    Oamunda  Claytoniana,  L.    Flowering-Pera.— Rove  Lake  Trail. 

*21S.    Oamimda  cinnamomea,  L.    CtDnamon-Fem.— Common. 

LrcaPODiACSA.    Club-Mosa  Family. 

•21fl.  Ljcopodium  lucidulum,  Mkhx. — Carlton's  Peak;  abimdant. 
Uouth  of  Devil's  Track  River. 

217.    Lycopodium  annotinum,  L.    Common  everywhere. 

213.    Lycopodium  dendroldeum,  Mieba.    Ground  Pine.— Common. 

219.    Lycopodium  clavatum,  L.    Common  Club  Hoss. — Common. 

230,    Lycopodium  complanatum,  £.— Devil's  Track  Lake;  rather  com- 
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VII. 

CH  EMI STET  . 

BXPORT  OF  PBOF.  PZCKHAM. 


Prvf.N.E.  WiTushOl: 

Ht  Dbar  Sib  :  Permit  me  to  Bubmit  the  following  report  of  Chemical 
"work  done  for  the  Geological  Surrey  since  my  last  report. 

The  three  Bpeclmena  of  Iron  ore,  numbered  56,  61  &nd  62,*  were  examined 
in  accordance  with  the  instructions  conveyed  by  your  letter  of  June  lOtb, 
1ST9,  u  follows : 

In  the  analysis  of  the  iron  ores,  determine  the  following  ; 
Insol.  siliceous  matter. 
Sulphur  (or  Sulphuric  Acid.) 
Phosphorus  (or  Acid.) 
Lime. 
Magnesia. 
Manganese  Oxide. 
Alumnlna. 
Iron  as  metal. 
Iron  as  protoxide. 

(Signed)  N.  H.  Whtohku.. 

*  In  the  Seventh  Animil  Bepott  vara  given  the  Aniljiii  of  : 

A  SIUmode  Uign«ri*it  Llmeitone,  from  Tom'i  Qnury,  Eagir  Loif,  Winona. 
LIIDHloiie  from  ShkkapH,  (Haacnm  nnmtwr  aiW). 
LlouitoDe  from  Clapp'i  (J^arry,  IShakopee  formitJoii),  near  Uankato. 
:  namberi  are  from  tha  following  localltie)  ; 

BUicwna  Iron  On,  fonr  mlln  mat  of  Cannon  Fall),  (Km.  »o.  «IB). 
ClDK.gnlned  Llmatone,  Le  Soy,  (Mni.  number  SS3S). 
Red  Quartxjte,  from  the  PIpeatone  quan?. 

Iron  On,  from  Ibe  Merabi  Range,  (Sarrej  No.  188,  of  flald.book  Ko.  tS.) 
Iron  Ore,  from  the  Heaabi  Ran^,  (Snrre;  No.  Ml.  of  fleld-book  M). 
St.  Lavrenes  Umeatone,  Winona,  (Unseam  No.  1191. 
BbakopeeLlmeitona,  fromKaioIa.    The  Kaaola  bnllding  atone. 
St.  Lawnnce  Umeatone,  from  81.  Lawrence,  with  green  nod,  (Haa.No.  S18S). 
Combnitlble  Shale,  I«wer  Trenton,  Prairie  Creek  qnartlaa.  Rice  Co.,  (Hu.  No. KtO. 
Cretaeaoni  Claj  (or  Shale),  Hankilo,  <Hna.  No.  USB). 


(H.H.W.] 
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Insoluble  siliceouB  matter . . . 
Sulphur  or  Sulpb.  Acid,  SOj 
Phosphorus  (or  Acid),  Pj  Os 

Lime,  Ca  O 

Hagneflia,  Hg  O 

U&nganese  Oxide,  Hu  O  . . . . 

Alumina,  A1»  O3 

Ferric  Oxide,  Pej  O3 

Iron,  Fe 

Ferrous  Oxide,  Pe  O 

'  Magnetic  Oxide,  Fej  O4  


SB. 

81. 

17. 7B 

14.98 

.120 

.32 

.003 

trace. 

trace. 

trace. 

trace. 

trace. 

2.13 

.700 

3.36 

61.017 

76.7287 

Numbers  SI  and  62  are  pure  and  valuable  iron  ores. 

Number  63  is  a  limestone,  containing  druzy  cavities  filled  with  white 
quartz.     It  consists  of : 

Percent. 

Insoluble  matter : 6.SS 

Soluble  Bllica,  Si  Oj,  Alnmlaic  Oxide  Alj  Oj  and  Ferric  Oxide,  Fe* 

O3 14.26 

Calcium  Carbonate,  Ca  CO3    39.338 

Uagnesium  Carbonate,  Mg  CO3   34.734 

Sulphuric  Oxide,  8O3    trace. 

Undetermined  Alkaline  Carbonates 6,088 

100.000 
Number  64  Is  a  remarkably  pure  Magnesian  limestone.    It  condsts  of  : 

Insoluble  matter,  (chiefly  Silica)  6!  O, 13.85 

Soluble  Silica,  SiOi,  Alnmnic  Oxide  Ali,  O3,  and  Ferric    Oxide 

FejOj 1.49 

Calrium  Carbonate,  Ca  C  Oj 47.904 

Magnesium  Carbonate,  Mg  C  O3 86.227 

Sulphuric  Oxide  80^    trace. 

Water  and  Alkalies,  uadetermined 1.629 

100.000 

Number  6G  appeared  to  the  eye  to  be  Identical  with  Dumber  31— the  St.  . 
Lawrence  limestone — containing  Glanconlte,  already  reported,*  to  you  in 
my  report  dated  Jan.  9th,  1877. 
The  portion  of  the  rock  that  is  soluble  In  cold  hydrochloric  acid  con- 
Calcium  Carbonate,  Ca  COj 
Magnesium  Carbonate,  Mg  CO3 

•S««  Report  St4te  Oeologlil.HlDiiewiUi,  ISK,  pg.  SI. 
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Calcium  ffilicate,  Coi  Si  Oi 
Ferrie  Oxide,  Pe.  O3 
Manganic  Oxide,  Uq  0. 

Angular  grains  of  illica  and  gmall  green  grains  remained  undissolved.  The 
green  grains  varried  in  size  from  one  thirty-second  (estimated)  of  an  inch  in 
diameter  to  those  of  inappreciable  dimensions.  Host  of  the  grains  of  silica 
were  about  the  size  of  mustard  seed,  hut  many  of  them  were  extremely 
,  small,  rendering  the  complete  separation  of  the  grains  of  silica  and  the  green 
groins  impossible.  It  was  also  found  impossible  to  make  any  two  estimates 
,  of  the  composition  of  the  soluble  portion  that  would  correspond.  The 
insoluble  silica  and  green  groins  both  together  and  separately  ore  not 
uniformly  distributed  tliroagh  the  rock,  so  that  only  on  aproxlmotlon  con 
be  made  of  the  mixture  of  which  the  rock  is  composed.  Of  the  piece 
examined  S.771  per  cent,  was  insoluble.  I  think  the  piece  selected  was  a 
fair  average.  The  onalyds  of  tlte  green  gains  will  be  found  to  correspond 
very  closely  with  that  before  reported.* 

Bllicic  Oxide,  81 0, 48'Si 

PerrousOxlde,  FeO 27.063 

Aluminic  Oxide,  Al,  Oj 6.962 

Manganic  Oxide,  Mn  O. trace. 

Calcium  Oxide,  CaO trace. 

Potassium  Oxide)  Ei  O 6.9S2 

Sodium  Oxide,  Na.O 1.831 

Water,  H»  O 8.841 

99-910 
These  results,  Uke  those  previously  reported,  indicate  a  glauconite  insolu- 
ble in  hydrochloric  acid.t 

Number  66  is  a  shale  or  clay  containing  organic  matter  and  calcium  car- 
bonote.  Sixty-one  per  cent,  is  Insoluble  in  hydrochloric  acid.  This  inso- 
luble material  consists  of : 

Organic,  combustible  matter 22.S7 

Silicic  Oxide  81  Oa 25.20 

Aluminic  Oxide,  Ali  O3  plus  a  trace  of  Ferric  Oxide,  Fei  Oj 8.96 

Borinm  Sulphate,  Ba  SO^ 3.0067 

Magnesium  Oxide,  MgO 973 

Calcium  Oxide,  CoO trace. 

The  soluble  material  consisted  of : 
Ferric  Oxide,  Fei  Oj  plus  Aluminic  Oxide,  AU  O3  plus  a  trace  of  I  2  flo 

Ferrous  Oxide,  FeO » 

Calcium  Carbonate,  Ca  CO3  20.809 

Calcium  Sulphate,  Ca  SO^ 2036 

Magnesium  Carbonate,  Mg  COj I2.98S 

Water  and  trace  of  alkalies 2.792S 

100.0000 

It  is  quite  possible  that  this  shale,  if  mixed  with  clay  in  proper  proportion 

•Ibid. 

tDus't  Hln.  Qeology,  ltd.  IRO,  ptga  4n. 


byGoo'^lc 


STATE  OKOLOOlaT.  163 

aad  bnnied,  would  furnlsb  hydraulic  cement.    The  burning  would  require 
-very  little  extra  fuel. 

Number  67  U  a  highly  siliceous  clay.  Its  composition  places  it  with 
■orthoclase,  although  It  liaa  the  phydcal  properties  of  kaolin.  It  ii  cheml- 
-cally  a  slightly  decomposed  feldspar,  while  it  has  the  appearance  and  some 
■of  the  properties  of  clay.  It,  however,  appears  to  contain  too  much  iron  to 
^tdmit  of  its  being  used  for  white  ware,  although  a  practical  test.  Is  often 
required  to  definitely  settle  the  value  of  clays  for  such  purposes.  It  was 
found,  on  analysis,  to  contain : 

■Water,  H»0. 1.980  ■ 

Silicic  Oxide,  SiO. 70.100 

Aluminum  Oxide,  Ali  Oj  plus  Ferric  Oxide,  Fei  Oj  a  tr»ce 16.690 

»ulpturio  Oxide,  SOj 00.231 

Potassium  Oxide,  Ei  O I0.39S 

Very  respectfully  yours,  '  B.  F.  PECEHAH, 

Chemist  to  the  Q«oI  Survey. 
Thb  DniTKMnT  OF  HnmEBOTA, 
Jan.  as,  1880. 
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VIII. 

ORNITHOlOei. 

XEPOBT  OF  DB.  P.  L.  BATCH. 


Pref.  N.  H.  FtncAeS— 

DbabSib;  The  increMed  facilittes  for  extending  mj  obBerrfttions  over 
new  sections  of  the  State,  which  your  conslderationB  atforded  me,  havs- 
enabled  me  to  achieve  more  satisfactoiy  results  th&n  in  the  preceding  year. 

I  not  only  visited  remote  points  of  great  interest,  but  hsve  thus  succeedeif 
in  eniisting  competent  usistonts  who  have  entered  Into  the  exploration  of 
their  special  localities  with  great  entbusiasni.  Several  such  have  given  m» 
carefully  prepared  reports  of  what  they  have  accomplished,  which  I  reserve- 
to  draw  upon  in  making  up  my  Unal  report.  I  have  lield  several  such  over 
the  last  year  from  Messrs.  T.  8.  Roberts,  C.  L.  Herrick,  R.  L.  Williams  and 
E.  L.  Hood,  which,  but  for  a  little  misapprehension,  I  should  have  handed 
you  a  year  ago. 

I  am  gratified,  however,  to  know  that  they  do  not  regret  the  omission.  L 
am  under  renewed  obligations  to  these  young  and  enthusiastic  naturalist*, 
for  their  hearty  co-operation.  They  will  pardon  my  constitutional  caution. 
in  not  publishing  observations  In  natural  history  prematurely :  they  are  bet- 
ter, sometimes,  like  wine,  for  having  been  kept  a  time.  It  is  often  the  case- 
that  but  hoi^  of  the  truth  is  a  vAdU  falsehood.  I  am  anxious  to  gather  dat& 
from  more  than  half  of  the  field  before  attempting  to  extract  reliable  truth 
for  the  whole.  However,  I  have  a  paper  from  your  assistant.  Prof.  C.  W. 
Hall,  prepared  by  Mr.  T.  8.  Roberts,  his  assistant,  In  a  Geological  and  Natu- 
ral History  exploration  of  the  north-west  shore  of  Lake  Superior,  that  is  so 
complete  In  Itself  and  cover?  a  hitherto  unexplored  region  of  such  interest 
to  ornithologists,  that  I  cannot  withhold  it  for  my  completed  report  without 
injustice,  not  only  to  those  gentlemen,  but  to  all  who  are  interested  in  th» 
fauna  of  that  interesting  region.  Tou  will  find  It  Inclosed  herewith.  With 
renewed  assurances  of  my  Interest  In  the  work  I  have  undertaken  and  my 
sincere  acknowledgments  for  your  official  and  personal  kindness  uniformly- 
manifested  to  me,  1  remain. 

Tours  very  truly, 

P.  L.  HATCH. 

No.  eiB  Nicollet  A.V.,  Minneapolis,  March  5,  legO. 
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Dr.  p.  L.  Batch,  Stale  OmiUuitogUt— 

SiE ;  I  trtuumit  to  you  herewith  a  list  of  birds  collected  by  Hr.  Thomas- 
6.  Roberts.  I>i]riiig  the  past  summer  a  geological  and  collecting  corps  of 
the  Geological  and  Natural  Hiator;  Burvey  of  this  State  was  aent  b;  tti» 
State  Geologist  to  the  northweat  shore  of  Lake  Superior  for  stud3-ing  cer- 
tain geological  and  mineralogica]  characters  along  the  coat,  and  for  making 
collecttoDs  of  the  fauna  and  flora  of  that  region,  that  the  same  might  be- 
represented  in  the  General  Museum  uf  the  University. 

Hr.  Roberta  was  my  asaistant  on  that  expedition,  and  I  am  pleased  to 
have  an  opportunity  here  to  bear  record  to  bis  untiring  industry  and 
patience,  to  his  quickness  and  exactness  in  obserTatlon,  and  to  the  thorough- 
nesB  with  which  he  followed  out  the  details  of  ever?  examination. 

The  skins  of  the  birds  collected  and  the  sterna  and  parts  of  the  viscera  or 
many  of  them  are  in  the  Museum  of  the  Univerity,  where  yourself  and  all 
others  lntei«flted  in  Umitbology  can  have  free  access  to  them  for  study  and 
comparhott. 

Very  truly  yours, 

V.  W.  HALL. 

Thb  UNrTBBaiTY  of  HuniBSOTA,  Feb.  2S,  iseo. 


A  PARTIAL  LIST 

OF  THE 

BIRDS  OP  ST.   LOUIS   AND    LAKE    COUNTIES,    MINN. 


Superior  and  the  British  poBseasionB.  Each  is  of  large  dimensions,  and 
together  they  form  an  extensive  tract  of  country,  representing  the  wild, 
heavily  timbered  area  of  the  State.  This  list  of  birds,  however,  relates  only 
to  a  narrow  atrip  along  the  lake  shore,  between  the  mouths  of  the  8t  Louis 
and  Devira  Track  lUvers— a  general  coast  line  of  about  one  hundred  and 
twelve  miles.  From  Qrand  Marals,  one  hundred  and  eight  miles  below 
Duluth,  a  collecting  trip  was  made  uz  or  eight  miles  inland  to  a  sheet  of 
water  known  as  Devil's  Track  Lake.  This  proved  to  be  a  quite  large  and 
pretty  lake,  with  low,  rocky:  shores  and  timber  growing  to  the  very  water's 
edge.  From  its  eaatem  end  Bows  the  river  of  the  same  name,  a  coDsiderable 
stream,  which,  after  receiving  several  affluents  and  making  a  descent  of 
over  a  thousand  feet,  enters  Lake  Superior  about  four  miles  below  Grand 
Maraig. 

This  whole  extent  of  country  is  covered  with  a  dense  foreat,  consisting  for 
the  most  part  of  evergreens,  white  birch  and  poplar,  which  everywhere 
encroaches  close  upon  the  water's  edge,  whether  it  be  along  the  banks  of 
the  rivers  or  the  shore  of  the  lake.    Indeed,  it  is  alone  the  action  of  the 
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water  that  eatftblUhes  the  line  bejond  which  the  trees  c&nnot  advance,  and 
owing  to  the  abrupt,  rocky  character  of  the  entire  nhora  this  line  Is  close  to 
the  water  and  very  aharplj  defined.  It  is  but  a  step  from  the  gloomy  forest 
to  the  ban  rock  or  shingle  beach,  and  uanally  but  a  half  dozen  more  down 
over  the  water-worn  rock  to  the  icy  waters  of  the  lake  itself.  The  rivers, 
«ntering  the  lake,  between  rocky  walls,  and  with  scarcely  an  opening  among 
the  trees,  vary  but  little  the  general  uniformity  of  the  forest  line.  About 
the  only  breaks  in  this  monotony  are  "bums,"  small  areas  from  which  the 
timber  has  been  cut,  and  now  and  then  a  hard-earned  clearing  which  has 
most  likely  been  abandoned  to  grow  up  in  saplings  and  brush.  Aside  from 
the  low  ground  about  the  mouth  of  the  St.  Louis  River,  only  two  small 
marshes,  scarcely  worthy  of  mention,  were  seen.  One  of  these  constitutes 
the  mairait  from  which  Orand  Harals  takee  its  name,  and  the  other,  of  some- 
wliat  greater  dimensions,  lies  Just  above  Stewart  River.  Neither  Is  directly 
connected  with  the  lake.  > 

Bvery  fleld  ornithologist  is  awara  that  birds,  «s  a  rule,  do  not  like  the 
deep,  sombre  forest,  but  frequent  by  preference  the  edges  of  woods  or  open 
spots  where  they  can  get  air  and  Bun-ll{^t  as  well  as  suitable  food.  This  i> 
well  illustrated  on  the  "North Shore;"  forthevicinity  of  towns, abandoned 
clearings,  and  old  burnt  sections  were  found  to  be  by  far  the  best  collecting 
grounds.  A  long  walk  through  the  forest,  resulted  generally  in  hearing 
only  a  few  Red-eyed  Vireos  singing  high  up  among  the  trees,  encountering 
perhaps  a  noisy,  roving  troop  of  Chickadees  or  a  few  warblers,  stragglers 
from  the  outside,  Sitting  about  among  the  tree-tops. 

Near  Duluth  are  marshes  and  a  number  of  cultivated  delds,  and  we  And 
that  such  birds  as  the  Tellow-wlnged  and  Savanna  Sparrows,  Grass  Finch, 
Bobolink,  etc.,  are  to  be  found.  But  other  than  in  these  two  localities 
there  is  little  or  no  cultivated  ground  within  the  region  examined.  At 
Grand  Harais,  which  was  our  headquarters,  there  are  two  or  three  large 
partial  clearings  and  a  low  H  shaped  peninsula,  which  bears  only  bushes 
and  stunted  trees,  conditions  which  make  this  a  fair  locality  for  the  blrd- 
ool  lector. 

Considerable  disappointment  was  felt  at  not  finding  several  species  of 
birds  that  were  confidently  looked  for,  and  which,  in  all  protiabllity,  do 
occur.  Among  these  may  be  named  the  Mourning  Warbler,  Canada  Jay, 
White-winged  Crossbill,  Banded  Three-toed  Woodpecker,  Pileated  Wood* 
peckeiand  two  or  three  species  of  owls.  The  Canada  Jay  and  Pileated  wood- 
pecker were  known  to  residents,  and  the  former  said  to  be  common  and 
noticeable  in  the  fall  and  winter.  Owls  appeared  to  be  scarce.  We  oor- 
aelvea  noted  but  few,  though  camping  along  the  shore  for  over  five  weeks, 
and  little  conid  be  learned  of  them  from  resident  hunters. 

The  work  of  the  present  season  (18TB)  was  included  between  the  dates 
July  2eth  and  September  2d.  In  July,  1877,  the  writer  spent  a  few  days  col- 
lecting at  Duluth,  and  as  the  notes  taken  at  that  time  have  never  been  pnb- 
llshed,  they  are  incorporated  In  this  list  In  order  to  render  it  as  full  as 
possible.  All  matter  introduced  from  this  source  is  ioclosed  in  brackets,  as 
the  work  was  done  independent  of  the  survey. 

One  hundred  and  twenty-five  (12fi)  skins  representing  fifty-five  (SS) 
species,  were  taken  the  present  season.  Seven  (7)  additional  species  are 
represented  In  the  University  Museum,  and  the  writer's  collection  by  speci- 
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mem  pTCvfoiul;  Uken  on  the  north  shore,  which  makes  aiztj-two  (S2> 
species  that  rmt  on  the  capture  of  apecimens.  The  remainder  were  seen 
and  well  identified  b;  the  writer  with  the  exception  of  a  alngle  speciei, — the 
White-headed  Eagle,  wbiob  1b  fncloded  upon  hearsay. 

The  name  of  a  locality  accompanied  b;  only  a  date  signifles  that  the 
species  was  taken  at  that  time  and  place.  These  records  of  capture  hare 
been  introduced  quite  frequeotlj  as  giving  a  degree  of  definiteness  to  the 
obaervationa. 

1.  [Turdut  migratorius,  Linn.  Robin. — Common  at  Duluth  in  July, 
1877,] 

2.  [Turdns  swainsonl,  (Jii.  Olive-backed  Thrush.— A  specimen  (var. 
neaintoni)  was  taken  at  Dnlnth,  July  16, 1S77.] 

3.  [Sialia  slalis,  (Linn.)  Said.  Blue- bltd.— Several  pairs  seen  at  Dnluth 
in  July,  '77.1 

4.  Parus  atrlcapUlug,  Linn,  Black-oapped  Chlcadee. — Common.  Found 
otten  in  the  deep  woods  where  few  other  birds  live. 

5.  Utu  canadensis,  Linn.  Red-faelUed  Nuthatch.— Not  very  common. 
Its  trumpet  like  notes  betraying  Its  presence  much  oftener  than  a  sight  of 
the  bird  Itself.    Poplar  River,  Aug.  6. 

6.  CertMa  (amillarls,  Linn.  Brown  Creeper.— Noted  quite  frequently. 
Seen  at  Qrand  Hands  July  28  and  on  Minnesota  Point,  Sept.  1. 

7.  Troglodytes  aedon  parkmani.  Western  House  Wren.— Taken  at  Grand 
Marais,  where  several  were  seen.  I  am  at  a  loss  to  account  for  the  apparent 
scarcity  of  this  species  along  the  shore  as  I  found  it  in  July,  1877,  very 
common  among  the  burnt  and  fallen  timber  about  the  Northern  Pacific 
Junction  and  Duluth.  A  number  of  specimens  taken  at  that  time  show  a 
vei;  Ugbt  coloration  ;  and  in  fact  all  the  wrens  of  this  species  that  I  have 
taken  in  Minnesota  are  noticeably  light  colored.  In  view  of  this  fact  I 
recently  sent  a  small  series  of  skins  from  different  localities  in  the  State  to 
Ur.  Bobt.  Ridgway  for  identification.  His  reply  was  tliat  the  specimens  . 
were  all  parlsmani,  and  extremely  typical  of  that  form.  Again  In  a  subse- 
quent letter  he  says  "Tour  wrens  fiurprised  me  very  much,  as  I  was  prepared 
to  And  them  aUdan.    They  are  the  moit  typical  specimens  of  parkmani  I  ever 

Mr.  T.  M.  Trippe  In  his  paper*  upon  the  birds  of  central  Minnesota  gives 
Bewick's  Wren  as  common  and  breeding,  and  includes  the  House  Wren  only 
with  doubt.  Yet  in  this  same  general  region  I  have  found  only  the  House 
Wren  abundant  during  the  breeding  season  and  have  never  seen  Bewick's 
Wren. 

8.  (MnlotilU  varia,  (Linn.)  Vieitt:  Black  and  White  Creeper;— Seen  on 
MinnesoU  Point,  July  II,  1877.] 

9.  Helminthophftga  ruflcapilla,  {Wil*)  Si.  Nashville  Warbler.— Com- 
mon In  latter  part  of  August.  Devil's  Track  Lake,  Aug.  18.  Beaver  Bay, 
Aug.  28,  etc. 

10.  Helminthopbaga  peregrina,  ( Wfl*)  V^A.  Tennessee  Warbler.- Very 
common ;  forming  often  the  greater  part  of  the  rambling  companies  of 
migrants  found  In  open  places  and  on  the  edges  of  the  timber  after  the  second 
week  in  August.  In  full  song  at  Devil's  Track  Lake  on  Aug.  Ifl.  Orand 
Harals,  Aug.  13.    Beaver  Bay,  Aug.  37,  etc. 
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11.  [Dendneca  oatfTa,  {Cha]  Bd.  Tellow  W&rbler.—BeTeral  noted  &t 
Duluth  in  July,  1877.] 

12.  D«ndrffica  vinns,  {Qm)  Bd.  Black- throated  Green  Warbler. — Grand 
Uar&iB  ;  two  specunens  t«ken  Julj  28  and  Aug.  13.     [Duluth,  Jnl7  16,  '77.] 

13.  Deudrceca  ccerulescens,  (Linn)  Bd.  filack-tbroated  Blue  Warbler.— 
Two  males  taken  at  Poplar  River,  Auc-  6-  From  the  anziet}'  displajed  bj 
one  of  these  it  seemed  that  the  young  were  atlll  under  the  care  of  the 
parents.    The  second  male  was  in  full  song. 

14.  Dendneca  coronata,  (Linn)  Oray.  Yellow- rumped  Warbler.— Com- 
mon at  Devil's  Track  Lake,  Aug,  13-18.  Three  specimens  (young)  taken 
the  16t)i. 

15.  Dendrteca  blackbumUe,  \,Qm.)Bd.  Blackbumian  Warbler.  A  female 
jiccompanied  by  her  brood  of  young  was  found  on  Aug.  10  among  the  dense 
underbrush  of  an  old  clearing  at  Grand  Marals.  They  kept  close  to  the 
ground,  chirping  constantly,  and  were  very  difficult  to  start  from  their  place 
•of  concealment.    Two  of  these  were  secured.    Devil's  Track  Lake,  Aug.  18. 

16.  Deudrceca  striata,  (Fortt.)  Bd.  Black-poll  Warbler.— Beaver  Bay, 
Aug.  27,  '79  (a  young  bird). 

17.  Dendceca  castanea,  (Wils.)  Bd.  Bay-breasted  Warbler.— Devil's 
Track  Lake,  Aug.  16.    Seen  also  at  Black  Point  Aug.  24. 

18.  Dendneca  maculosa  (Om.)  Ai.  Black  and  Yellow  Warbler. — Com- 
:iuon.  Found  in  small  companies  during  the  first  part  of  August,  the  broods 
Itavlug  not  yet  broken  up.  Houltiug  at  this  time.  Devil's  Track  Lake, 
Aug.  IS.    Beaver  Bay,  Aug.  27. 

IS.  DendnBca  palmamm,  (Om.)  Bd.  Yellow-rod- poll  Warbler. — Appar- 
-ently  not  common.    Beaver  Bay,  Aug.  37. 

211.  Dendrteca  tigrina,  (Qm.)  Bd.  Cape  Hay  Warbler.— Taken  at  Grand 
Marais,  Aug.  13,  and  believed  to  have  been  seen  at  Devil's  Track  Lake, 
Aug.  16. 

21.  {Biurus  auricapillus,  {Linn.)  5to.  Golden-crowned  Thrush.— Several 
-noted  at  Duluth  in  July,  '77.] 

22.  Biurus  nievius,  [Bodd.)  Oatut.  Bmall-hllled  Water  Thrush.— Common 
»t  Devil's  Track  Lake.  A  thick  growth  of  evergreens  and  birches,  growing 
close  to  the  water's  edge  and  projecting  out  low  over  the  water  for  a  number 
-of  feet,  formed  a  most  congenial  haunt  for  this  bird.  Though  so  late  in  the 
season  (Aug.  1&-IS)  they  were  uttering  their  ringing,  emphatic  song  with 
seemingly  all  the  vigor  of  spring.  They  sang  chiefly  in  the  morning,  from 
daylight  until  eight  or  nine  o'clock,  and  then  again  for  a  short  time  in  the 
•evening.  As  stated  by  several  authors,  the  song  bears  a  striking  resem- 
blance to  that  of  the  Houmhig  Warbler  {G«olMj/pi*  pMl^MjiJUa).  Seen  on 
the  lake  shore  only  at  Black  Point,  Aug.  24. 

23.  Geothlypis  trichas,  (£4nn.)  OA.  Maryland  Yellow- throat.— Seen 
-only  once,  near  Stewart  river,  Aug.  30.    [Common  at  Duluth,  in  July,  '77.] 

24.  Geothlypis  Philadelphia,  (WOi.)  Bd.  Mourning  Warbler.— Common 
-about  Duluth  in  July,  IB77.  The  follovring  extract  from  a  paper  contributed 
by  the  writer  to  the  Linnean  Society  of  New  York  City,  In  February,  1879, 
may  be  of  interest  in  this  connection.  In  the  vicinity  of  Minneapolis  it 
{Q.  ptuladttjAia]  has  been  met  with  very  rarely  and  only  during  the  migra- 
tions. Its  capture,  several  yean  ago,  by  Dr.  P.  L.  Hatch  and  Mr.  W.  L. 
Tiffany;  the  taking  of  two  males  on  May  18,  1877,  by  Mr.  R,  8.  Williams, 
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Stud  &  male  of  the  ye&r  on  Sept.  2,  1S76,  bj  the  writer,  about  compriseB  its 
ItUtorj  in  (bis  locality.  Dr.  Hatch's  woida,  "rare  aod  unnoted,"  convey  a 
jconect  idea  of  Us  occurrence  here. 

"  Leaving  Minneapolis  we  will  pass  due  north  about  one  hundred  and 
twenty-flve  miles,  into  Carlton  and  8t.  Louis  counties.  Here  ig  one  ttxt 
extent  of  forest,  largely  of  pines  and  other  evergreens,  but  with  hardwood 
ridges  and  tamarack  swamps  Interspersed.  In  many  sections  extensive  flres 
have  raged  on  the  low  grounds  during  dry  seasons,  completely  killing  the 
timber,  especially  in  white-birch  regions.  The  fallen,  charred  timber,  piled 
promiscaonsly  among  the  dense  tangled  undergrowth  that  springs  up,  tonns 
-M  pathless  and  impenetrable  a  place  as  one  can  well  imagine,  and  the  dead 
And  blasted  trees  which  remain  standing  on  all  sides,  give  to  the  country  a 
most  desolate  appearance.  Among  several  features  rendering  theee  barren 
'wastes  attractive  to  the  ornithologist,  is  their  being  the  summer  home  of 
the  Mourning  Warbler.  During  the  second  and  third  weeks  of  July,  1S7T, 
we  fonnd  this  warbler  about  the  Northern  Pacific  Junction  (Carlton  Co.]  and 
Suluth  (Bt.  Louis  Co.)  in  such  numbers  as  to  fully  warrant  its  being  called 
common.  It  was  at  that  time  in  song  and  breeding.  The  males  were  con- 
spicuous from  their  habit  of  ^tting  on  the  dead  trees  to  eing ;  but  the 
females  were  seldom  seen,  as  they  kept  down  in  the  thick  cover.  The  males 
would  sit  for  a  long  time  on  the  limb  of  a  dead  tree,  motionless,  but  for 
the  occasional  utterance  of  their  brief  song.  In  quality  their  singing  is 
much  like  that  of  the  Maryland  Tellow-throat  j  but  the  song,  as  I  heard  it, 
consists  of  five  notes,  the  first  three  just  alike,  followed  hy  two  others, 
louder  and  fuller.  The  whole  Is  loud,  clear  and  ringing  and  forms  an  inter- 
esting song,  but  I  suspect  its  attractiveness  is  due,  in  great  measure,  to  the 
Xact  that  it  is  the  utterance  of  the  Mourning  Warbler.  When  the  singer  is 
<listurbed  he  either  files  to  another  tree,  near  by,  to  continue  his  perform- 
.ance  or  dives  into  the  thickets  below,  where  he  is  safe  until  he  may  see  fit  to 
reappear. 

"  The  nest  we  did  not  find,  though  we  greatly  excited  several  pairs  by  our 
.close  approach  to  it.  When  thus  disttu-bed,  both  male  and  female  would 
utter  forcible  sparrow-like  chirps,  move  actively  from  bush  to  bush,  fre- 
.quently  passing  nervously  over  every  limb  and  twitching  their  bcMlies  much 
In  the  manner  of  the  Yellow-throat  (0.  trieAat)  under  simUar  circumstances. 
A  few,  at  least,  hod  young  upon  our  arrival  (July  6],  and  we  several  times 
saw  them  (male  as  well  as  female)  canying  large  green  caterpillars,  such  as 
«ne  could  scarcely  Imagine  a  young  Mourning  Warbler  swallowing.  On 
July  IBth,  at  the  N.  P.  Junction  I  came  upon  a  brood  of  young  out  of  the 
nest,  but  not  able  to  fly  above  a  few  yards.  They  were  in  a  dense  place  and 
kept  close  to  the  ground,  only  appearing  for  an  instant  now  and  then,  when 
beaten  from  some  bush.  They  chirped  loudly,  very  much  like  the  old  birds. 
As  late  as  July  18,  at  the  date  of  our  departure,  the  males  were  still  in  song. 

"T.  M.  Trippe  found  this  warbler  abundant  and  breeding  throi^h  the 
■central  part  of  this  State  in  the  summer  of  IS70,  and  to  him  is  due  the  credit 
of  ascertaining  that  the  timber  wilds  of  Minnesota  are  so  eminently  its  home. 

"  It  is  a  strange  fact  that  the  Morning  Warbler  should  be  so  rare  about 
Jlinneapolis  during  the  migrations  and  yet  so  common  all  the  season  little 
more  than  a  hundred  miles  farther  to  the  north.  It  would  seem  that  they 
jnust  certainly  pass  by  here  ;  yet  In  what  manner  is  something  of  a  mystery. 
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The  unauitable  chftrftcter  of  the  countrj  U  (bs  evident  explanation  of  tbelr 
absence  during  the  guminer."] 

Coutrsty  to  expectation  nothing  was  seen  of  the  apeciei  the  preaeat  season, 
but  the  vicinity  of  Duluth  was  examined  acarcelj  at  all.  Though  whj  cer- 
tun  burned  areas  about  Grand  Uarais  and  eUewhere  were  not  inhabited  hy 
this  bird  is  not  qnite  evident. 

25.  Uyiodioctes-puslllus,  ( WiU.)  Bp.  Wilson's  Blackcap.— Noticed  sev- 
eral  times  in  the  latter  part  of  August.    In  song.    Beaver  Baj,  Aug.  27. 

26.  Hyiodioctes  cauadenda,  (Xtnn.)  Aud.  Canadian  Flycatcher — Com- 
mon; frequenting  the  undergrowth.  During  the  early  part  of  August  its 
actions  indicated  that  it  was  still  looking  after  its  young.  In  song  at  Devil'a 
Track  Lake,  Aug.  16- IS.  Taken  at  Poplar  River,  Aug.  4;  Grand  Harais. 
Aug.  13. 

27.  Setophaga  rutlclUa,  (Unn.)  Sw.  Redstart.— Gommoit.  A  pair  seen 
at  Poplar  lUver,  Aug.  S,  feeding  young  not  more  than  two  or  three  daya 
from  the  nest.    Grand  Harais,  Aug.  9. 

2S.  [Pyianga  rubra,  (Z«nn.)  VMU.  Scarlet  Tanager. — A  male,  seen  at 
Duluth,  July  16,  ■77.) 

29.  [Tachycineta  blcolor,  {VieiU.)  Cab.  White-bellied  Swallow.— Uom- 
mon  at  Duluth  in  Juiy,  '77.] 

30.  Hirundo  horreorum.  Barton.  Bam  Bwallow. — A  single  male  flew 
around  the  boat  between  Poplar  and  Cascade  rivers  on  Aug.  4  and  [several 
were  seen  at  Duluth  In  July,  '77.] 

31.  Petrochelidon  lunlfrons,  {Say)  SeL  Clifl  Swallow.— One  seen  between 
Beaver  Bay  and  Duluth. 

32.  Progne  purpurea,  [Linn.)  Bote.  Purple  Martin. — Common.  Hr. 
Thoa.  Hayhew,  ot  Grand  Harais,  told  us  that  they  occupied  his  Hartin  box. 
last  season ;  but  none  were  present  this  year.  The  last  week  of  August 
many  large  loose  flocks  were  seen  flying  south-westward  and  keeping  over 
the  water  a  short  distance  from  shore. 

33.  Ampelis  cedrorum,  {VieiU.}  Oai.  Cedar  Bird.— One  of  the  com- 
monest birds  of  this  region.  They  occurred  both  in  small  flocks  and  in 
pairs,  and  some  evidently  had  nests  in  the  tatter  part  of  August.  No  young 
of  the  year  were  seen.  At  Devil's  Track  Lake  in  particular  they  were- 
observed  to  display  their  ability  as  fly-catchers  to  an  extent  not  before  noticed 
by  the  writer.  Regularly  each  morning  and  evening  they  were  perched  on 
the  tops  of  the  tallest  trees  about  the  lake  shore,  making  sallies  in  all  direc- 
tions after  passing  Insects  and  returning  again  to  their  station,  almost  like 
so  many  pewees  or  King  Birds. 

34.  Vireo  olivaceus  {Linn.)  VitHl.  Red-eyed  Vlreo.— Common,  and  one- 
of  the  few  birds  found  r^ularly  in  the  deep  forest,  where  Its  song  was  often 
the  only  soond  to  break  the  slillness.    Beaver  Bay,  Aug.  23. 

35.  [Vireo  solltarius,  ( WOi.)  VieiU.  Solitary  Vireo— A  single  individual 
seen  at  Dnluth,  July  Ifl,  '77.] 

36.  [Carpodacus  purpureus,  {Gm.)  Gray.  Purple  I'^nch. — A  young  bird 
taken  at  Duluth,  July  16,  '77,  and  others  seen.] 

37.  Loxlacnrvlrostra,  americana,  (Will.)  Ctmes.  Red  Crossbill. —Common 
all  along  the  shore,  but  notioed  more  particularly  at  Poplar  River  and  Grand 
Harais.  They  were  in  pairs  or  small  parties  of  six  or  eight  Individuals,  and 
gave  evidence  of  a  restless,  roving  disposition.    Alighting,  they  would  feed 
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industriously  sbont  the  topg  of  the  CTergreeng  for  a  short  time,  when  all  of 
m  Budden,  at  the  sound  of  a  few  sh«rp  notea,  uttered  bj  one  of  the  party, 
they  irere  off  over  the  forest  with  wayward,  erratic  Bight,  sounding  their 
call  note  as  tbey  went.  They  are  not  at  all  ebj,  but  on  the  contrary  are  - 
tune  and  unsuspecting  birds.  The  roof  of  a  houM,  the  immediate  door- 
yard,  a  tree  standing  close  beride  a  dwelling  are  as  likely  resorts  as  other 
equally  suitable  localities.  A  tall,  isolated  pine,  standing  but  a  few  feet 
from  our  shanty  at  Or^d  Hanis,  was  a  favorite  stopping  place  for  birds  of 
this  kind,  and  on  sereral  occadons  they  descended  to  feed  about  the  very 
door,  giving  but  little  heed  to  the  presence  of  the  inmates. 

The  adults  were  frequently  found  paired  and  the  evidence  afforded  by 
dissection  seemed  to  indicate  that  thej  were  breeding.  Yet  this  could 
scarcely  have  been  the  case,  since  this  bird  is  known  to  be  one  of  the  earliest 
to  nest.  Much  attachment  existed  between  these  mated  birds.  On  one  or 
two  occasions  the  male  of  a  pair  being  shot  first,  the  female  flew  only  a 
short  distance  and  remained  calling  loudly,  until  the  gun  was  recharged 
and  the  tragedy  ended  bj  placing  her  beside  her  mate. 

Only  once  was  the  species  heard  to  sing  and  then  (Aug.  6)  it  was  but 
snatches  of  an  apparently  pleasing  song. 

3S.  Cbrysomitrts  pinus,  (Wilt.)  Bp.  Pine  Linnet.— Common.  A  tame, 
familiar  species,  going  at  this  season  of  the  year  in  Bmall  flocks.  They  fed 
about  a  fish  house  occupied  by  our  party  at  Grand  MaraU,  and  frequently 
ventured  undn-  the  building  In  their  search  for  food. 

39.  [Chrysomltria  trlatls,  (Z*nn.)  Bp.  Thistle  Bird.— Found  at  Dulutit 
in  July,  1877.] 

40.  {Passerculus  savanna,  (WiU.)  Bp.  Savanna  SpartOV.—ttather  com- 
mon about  the  fields  below  Duluth  in  July,  '77.  ] 

41.  [Pooecetea  gramineua,  (0n>.)  Bd.  Grass  finch.— Common  at  Duluth, 
July,  '77.1 

42.  [Helospiia  palustris,  (TTA.)  Bd.  Swamp  Sparrow,- Duluth,  com- 
mon, July, '77.] 

43.  Helospiza  meloda,  (WiU.)  Bd.  Bong  Sparrow.— Abundant  in  tvttf 
suitable  locality.  Minnesota  Point,  Sept.  1.  Grand  Marias  July  28-  Aui 
13,  etc. 

44.  [Junco  hyemalii,   [Linn.)    Set.      Snow    Biid.- 
Duluth  in  July,  '77 ;  but  not  noted  at  any  point  this  si 

49.  Spizellasoclalls,  {ffH..)Bp.  Chipping  Sparrow. -A  common  species 
all  along  the  shore  and  abundant  at  some  more  than  usually  suitable 
localities,  as  on  Minnesota  Point  and  about  Grand  Marais.  Attending  to 
young  In  early  part  of  August.    Grand  Harais,  Aug.  13. 

46.  Zonotricbia  albicollis,  (Gm.)  Bp.  White- throated  Sparrow.- Com- 
mon ;  rather  shy ;  frequenting  the  thick  brush  and  raspberTy  patches  of 
burnt  areas.  A  brood  of  young  Juat  able  to  fly  and  accompanied  by  the 
parent,  was  found  at  Grand  Marais,  Aug.  21.  This,  however,  was  exception- 
ally late.  In  song  quite  generally  during  the  first  week  of  August.  From 
this  time  onward  the  singing  gradually  decreased  until  during  the  last  week 
of  the  month  it  was  only  occaalonally  that  the  full  song  was  heard. 

47.  Qonlaphea  ludoviciana,  (Zwn.)  Boad.  Rose-breasted  Grosbeak.— A 
single  individual  seen  a  short  distance  below  Burlington  Bay,  Aug.  30. 
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48.  [Cyanospiza  cyanea,  (imn.)  Bd.  Indigo  Bird.— Seen  BevMftl  times  at 
Duluth,  Julj-,  '77.] 

48.  Dolichonys  oryzivoruB,  (linn.)  Sw.  Bobolink. — Heard  flying  over  at 
Beaver  Bay,  Aug.  27,  and  [a  male  seen  near  Duluth,  July  17,  '77.] 

SO.  HolothrUH  pecoris,  {Gtn.)  Su.  Cow  Blackbird.— A  single  specimen 
taken  at  Orand  Marais,  July  29.  It  was  flying  high  in  the  air  and  alighted 
in  the  very  top  of  a  tali  pine. 

fil.  Agelfeus  phceniceus,  {Linn.)  VitHi.  Red-winged  Blackbird. — Small 
flocks  of  immatnre  birds  were  seen  occasionly.  They  must  have  been  bred 
«1sevbere,  as  this  region  is  eDtirely  unsnited  to  their  nesting  habits.  First 
seen  at  Poplar  River,  Aug.  4-7 ;  two  taken  at  Qrand  Marais  Aug.  19,  and 
common  at  Beaver  Ba;,  Aug.  26  29. 

52.  Quiscaius  purpureus,  {Bart.)  LidU.  Purple  Orackle.— Noted  but 
twice,  once  at  Beaver  Bay  and  once  at  Duluth. 

G3.  Corvus  cotax,  Linn.  Raven.— Common.  Residents  say  they  are 
Tei7  numerous  during  the  winter. 

M.  Corvus  americanus,  Aud.  Crow. — Common  at  Duluth,  Aug,  31 — 
Sept.  2 ;  but  seen  only  occasLonally  further  down  the  shore.    Dnlutb,  Sept.  1, 

EC.  Cyanurus  criatatus,  (£tnn.|  8w.  Blue  Jay. — Aparently  uncommon. 
Seen  near  Cascade  River,  and  again  near  Stewart  River,  and  heard  several 
times  at  Devil's  Track  Lake. 

The  Conada  Jay  (Periaorea*  eanadantit)  is  reported  both  by  the  while  resi- 
dents and  the  Indians,  as  common  here,  but  none  were  seen  by  us. 

66.  Tyrannus  carolinensis,  {Gia.)  Temm.  King-bird. — Observed  first  at 
Grand  Marala,  Aug.  20,  where  two  specimeoB  were  taken  and  several  otheta 
seen.    At  Beaver  Bay,  but  not  common.    [Commonat  Duluth  in  July,  1ST7.] 

S7.  Sajomia  fuscua,  {Qm.)  Bd.  Phoebe  Bird. — One  taken  at  Grand 
JUarais,  Aug,  20,  and  a  pair  seen  at  Duluth,  Aug.  31. 

98.  Oontopuf  borealls,  {8vi.)  Bd.  Olive-sided  Flycatcher.— First  seen 
J&ug.  19  at  Orand  Harais.  Five  shot  Aug.  20,  when  it  was  common  on  tops 
lof  tails  trees  in  an  old  partial  clearing.  This  species,  together  vritb  the 
king-bird,  appeared  suddenly  in  a  locality  which  had  been  under  close 
Inspection  for  some  time  previously. 

59.  Empidonax  trallli,  {Atid.)  Bd.  Traill's  Flycatcher.— Token  at  Beaver 
Bay,  Aug.  27.  [A  female,  whose  actions  seemed  to  indicate  that  it  had 
young,  was  shot  in  a  willow  thicket  at  Duluth,  July  13,  '77.] 

60.  Empidonax  minimus,  Bd.  Least  Flycatcher. — Apparently  common. 
Poplar  River,  Aug.  E.    Grand  Haraia,  Aug.  20. 

61.  Empidonax  flaviventris,  Bd.  Teliow-bellied  Flycatcher.— A  pair 
taken  at  Poplar  River,  Aug.  6. 

62.  Chordeiles  virginianus,  {Om.)  Bp.  Night  Hawk.— Common  In  the 
latter  part  of  August,  when  they  were  migrating  In  loose  Boclu. 

63.  Chetnra  pelaglca,)  Linn.)  Bd.  Chimney  wift.— Generally  distributed, 
but  nowhere  observed  to  be  conunon,  except  at  Duluth,  in  July,  1S77. 
Aug.  G,  a  nest  containing  three  young  birds  about  two  days  old,  was  found 
in  an  abandoned  house  at  Poplar  River.  The  birds  entered  through  a  stove- 
pipe hole  in  the  roof,  and  had  glued  their  nest  to  the  vertical  boards  of  one 
end  of  the  attic.  Been  at  Devil's  Track  Lake,  Aug.  16.  It  must  breed 
Ahnost  exclusively  In  the  hollow  trees. 
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64.  Trochtlus  colubris,  Linn.  Ruby- throated  HtimmiDg-bird. — Taken  at 
Orand  Harals,  J11I7  26,  and  seen  at  Beaver  Bay,  Aug.  29. 

65.  Coccygus  erythrophtbalmiu,!  W&*.)  Bp.  Black-bilted Cue hoo.— Grand 
Karois,  Aug.  13  and  19,    One  seen  at  Beaver  Baj,  Aug.  27. 

66.  Picus  Tilloaufl,£tnn.  Hairy  Woodpecker. — Occasional.  GrandHarau, 
Aug.  20. 

67.  Picua  pubeacens,  Linn.  Downy  Woodpecker.— liatber  common. 
Orand  Harais,  July  29. 

68.  Picoides  orcticus,  (*e. )  Gray.  Arctic  Woodpecker.— Taken  at  Grand 
Momis,  Aug.  21,  and  seen  at  Black  Point,  Aug.  24.     [Dulnth,  July  16,  ■77.] 

89.  [Melanerpes  erythrocephalua,  {Linn.)  3te.  Red-headed  Woodpecker. 
—A  single  individual  seen  at  Duluth,  July  11,  '77.] 

70.  ColaptesauratUB,  [Linn.)  Su>.  Golden-winged  Woodpecker.— Dulu I h, 
Sept.  1.  Not  noticed  elsewhere ;  but  its  occurrence  at  Grand  Marais  during 
the  migrations  is  reported  by  residents. 

71.  Bubo  TirginianuH,  {Qm.)  Bp.  Great  Homed  Owl.— Heard  at  night  on 
several  occasiona,  and  a  specimen  secured  at  Grand  Harais,  Aug.  20. 

72.  Syroinm  nebulosum,  (Fltrrt.)  Boia.  Barred  Owl.— A  medium  sized 
owl,  seen  at  Poplar  River  on  the  evening  of  Aug.  4,  may  have  been  this 
species. 

73.  [Accipiter  fuscus,  (Om.)  Gran.  Sharp-shinned  Hawk.— Been  at 
Doluth,  July  16,  -77.) 

74.  Astur  atricapUlus,  (TTiI*,)  Jard.  American  Goshawk.— A  sinnle 
{female?)  bird  of  the  year  token  at  Little  Marais,  on  Aug.  26. 

75.  Faico  communis,  Otn.  Peregrine  Falcon. — At  a  point  about  two 
miles  below  Poplar  Piver,  where  the  shore  of  the  lake  is  a  rocky  cliff  sur- 
mount^ by  thick  trees,  a  pair  of  these  birds  was  seen  Aug.  4.  Aawe  passed 
the  place  In  a  boat  they  circled  about  over  the  woods  and  water,  uttering 
repeatedly  short,  harsh -screams  and  seemed  greatly  agitated  by  ourpiesence. 
Was  it  possible  for  them  to  have  had  young  at  that  late  date  T  Their  actions 
certainly  Indicated  tliat  they  had.  A  second  pair,  which,  upon  our  intrusion 
npon  their  domain,  acted  in  much  the  same  excited  manner,  was  seen  Aug. 
2S  on  the  summit  of  Carlton's  Peak,  snd  a  single  Individual  was  observed 
Aug.  24  about  the  high,  jagged  precipice  of  the  "Saw-tooth"  at  Black  Point. 

76.  FaIco  columbarfua,  Linn.  Hgeon  Hawk.— Taken  at  Grand  Harais 
Aug.  13,  and  seen  at  Beaver  Bay. 

77.  Falco  sparverius,  Linn.  Sparrow  Hawk. — Very  common ;  especially 
numerous  In  burnt  localities,  where  It  perches  on  the  dead  trees.  Feeds  here 
largely  on  grasshoppers,  as  is  its  habit  elsewhere. 

78.  Buteo  pennsylvanlcus,  (Fid*.)  Bp.  Broad-winged  Hawk.— Grand 
Hanis,  Aug.  19,  (young  bird.) 

79.  Pandlon  haliaetns,  {Linn.)  Cuv.  fish  Hawk,  Osprey.— Seen  at  Grand 
Marais,  Poplar  river  and  Dniuth.  TIteae  birds  lived  apparently'in  the  range 
of  hills  back  from  the  shore,  and  came  to  the  lake  at  Intervals  to  catch  flsh. 

50.  Aquila  chrysoftus,  Linn.  Golden  Eagle.— A  fine  adult  specimen, 
killed  at  Grand  Harais  in  the  fall  of  1977,  was  presented  to  the  survey  this 
summer  by  Messrs.  Thomas  and  Henry  Hayhew,  of  Grand  Marais. 

51.  Hallaetufi  leucocepbalus,  [Linn.)  8av.  Bald  Eagle.— None  seen,  but 
a  pair  reported  to  have  bred  the  present  season  at  a  point  a  number  of  miles 
inland  from  Grand  Marais. 
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63.  Cathtirtea  aura,  [litm.)  JU.  Tnrkef  Buzzard.— A  specimen  [H-ocnred 
by  Prof.  C.  W.  Hall,  at  Grand  Hands,  In  Oct.  18TS,  is-in  the  Univeraitr 
Unseum.    Not  noted  this  jear. 

83.  EctopisteB  migntorla,  (Ltrm.]  Sw.  Wild  Pigeon.— An  occasional 
pair  noted  during  the  earl;  part  of  August,  and  flocks  of  considerable  size 
toward  tlie  last  of  the  montli.    Grand  Hsrals,  Aug.  9. 

S4.  Bonasa  nmbellus,  {Linn.)  &tph.  Bulled  Qrouee. — Several  coTie» 
Men.  In  the  middle  of  August  the  joung  were  little  mor«  than  half  grown. 
Devil's  Track  Lake,  Aug.  16. 

Bfi.  [.£gialitea  voclfera,  (Linn.)  Sp.  Eilldeer  Plover.— Noted  at  Duluth 
in  Joly.  '77.] 

56.  Lobipes  hyperboreos,  {Linn.)  Cuv.  Northern  Phslaropo. — A  aingl« 
female,  taken  Aug.  29,  b;  Prof.  N.  H.  'Wincbell,  a  few  miles  above  Seaver 
baj.    It  was  alone,  swimming  In  the  lake,  at  some  distance  from  the  shore. 

57.  Ereuntea  puslllus,  (Z4'nn.)  Cat*.  Bemipalmated  Sandpiper. — Uouth 
of  Devil's  Track  river,  Aug.  21. 

6S.  Tringa  Minutllla,  VieiU.  Least  Sandpiper,— Common ;  frequenting^ 
in  place  of  the  unsuitable  shingle  beaches,  the  perfectly  bare  and  smooth 
rock;  shore. 

89.  Tringa  balrdll.  Cove*.  Bsird's  Sandpiper.- Two  specimens  taken  at 
Grand  Marais,  Aug.  22.  Together  with  one  or  two  othen  of  the  species  and 
several  Least  Sandpipers,  the;  were  feeding  on  the  wet  rocks,  seeming  to 
find  abundant  food  in  the  path  of  every  retreating  wave. 

90.  Tringa  alpioa  americana.  Com.  filack.bellled  Sandpiper.- A  dngl« 
indlTldual  seen  on  Aug.  30,  near  Agate  bay. 

91.  Totanusflavipes,  (Gm.)  Yia^.  Leaser  Telltale.— Common  i  In  small 
flocks  on  the  beaches.    Grand  Marais,  July  2B. 

92.  Tetanus  solitarius,  {Wil*.)  Aud.  Solitary  Sandpiper.- Bather  com- 
mon. A  small  shallow  pond,  full  of  fallen  trees  and  brush,  was  their  favor- 
ite resort  at  (jlrand  Harais.    Grand  Uarais,  July  29. 

93.  Tringoides  mocularlus,  (Zfnn.)  Oray.  Spotted  Sandpiper. —Common. 
Seen  at  Devil's  Track  Lake,  Aug.  18.    Duluth,  Sept.  1. 

94.  (Botaurus  Minor,  {Qm.)Boie.  American  Bittern.  Seen  at  Duluth  in 
Jtdj,  '77,]  and  heard  of  at  Grand  Harsls  this  jear. 

99.  Porzana  Carolina,  [Linn.)  Cab.  Carolina  Bail.— Common,  thougk 
the  almost  entire  absence  of  marahea  forces  the  species  to  frequent  what 
seem  very  unsuitable  places.  For  Instance,  the  dense  raspberry  patches  of 
burnt  sections,  thick  brush,  a  pea  patch,  the  rank  grass  about  abandoned 
habitations,  and  like  curious  localities.  Once  I  found  three  quietly  reposing' 
several  feet  from  the  ground  in  an  evergreen  tree  standing  In  a  perfectly  di;, 
stoney  location ;  and  on  another  occasion  shot  a  specimen  from  the  smaller 
branches  of  a  tree,  where  it  had  alighted  upon  being  flushed  from  a  weed- 
patch  on  a  dry  hill  side.  Grand  Marais,  Aug.  20.  Poplar  River,  Aug.  0. 
Beaver  Bay,  Aug.  27. 

97.  Anas  boschas,  Linn,  Mallard.— Mouth  of  Devil's  Track  Biver,  Aug. 
20. 

98.  Querquedula  dbcors,  (Linn.)  Staph.  Blue-winged  Teal.— Two  seen 
in  Grand  Marais  harbor,  Aug.  22. 

99.  [Aix  sponsa,  (Litm.)  Bote.  Wood  Duck.— Flock  of  six  seen  la 
Superior  Bay,  Duluth,  July  13,  '77.] 
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100.  Hergua  merganser,  Linn.  Goounder. — Apparently  common.  A. 
large  brood  seen  sereral  times  on  Devil's  Track  Lake.  Wben  alarmed  thej 
fluttered  along  over  the  surface  of  the  water  for  a  long  distance,  uttering 
loud  cries.  They  retreated  occasionally  down  the  river  and  probably  came 
up  to  the  lake  for  the  purpose  of  fishing.  (Possibly  torrator,  as  no  specimen 
-was  secured.) 

101.  Hergus  cucullatus,  Linn,  Hooded  Merganser. — A  single  female 
seen  at  Oraud  Hands,  July  28. 

102.  Larns  argentatus,  Brunn.  Herring  OulL — Abandant.  Thej  are 
«aid  to  breed  on  two  small  rocky  islands  near  Orand  Harais.  Stomach  of 
-one  specimen  found  full  of  grasshoppers  which  it  had  probably  picked  up 
from  the  surface  of  the  water  for  these  Insects  perish  in  the  lake  in  count- 
less numbers.     Grand  Harais,  Aug.  12. 

103.  Larus  delawarensis,  Ord.  Ring-billed  Gull.— Common.  Grand 
Harais,  Aug.  19. 

104.  Coljmbus  torquatus,  Briinn.     Loon.— .Common. 

105.  Podiiymbus  podiceps  (Linn.)  Later.  Pied-billed  Grebe. — A  specl- 
XDen  taken  by  Prof.  Hall  in  the  fall  of  1678.  A  species  of  grebe,  probably 
J*,  podieep*,  was  occasionally  seen  on  the  lake  the  present  season. 

T.  8.  ROBERTS. 
HuniRAPoLiB,  UiRii.,  Dec.,  1879. 
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APPENDIX    A.. 

[Fbom  the  Amsbicau  JorBitu.  of  Scknce,  Vol.  XIX,  Fkbbcaht,  IBSO.J 


On  idndmO*  an<I  oCAm-  /t>rm<  tf  Thamtonitt:    A  pr^iminarv  notiee  of  Vi^ 
Zeoktt*  of  t/u  vkiuity  of  Grand  Marait,  Cook  Count}/,  Miimemla  ; 

BJ    B.  IT.  PECKOAX   ASa  C.  W.  W*1.T,, 

Granil  Maisia  is  situated  on  the  northwcit  coAst  of  Lake  Superior,  one- 
hundred  and  eight  miles  northeast  of  Duluth.  It  ia  the  aite  of  an  earlf 
French  trading  or  miialon  station,  and  was  later  a  Btation  of  the  Hudfon 
Bay  Companj.  Its  beautiful  land-locked  bay  fumiihes  the  only  good 
harbor  between  Duluth  and  Pigeon  Point. 

The  rocks,  for  several  miles  east  and  west,  as  well  as  at  the  Uarais,  are- 
clused  in  general  as  igneous,  and  have  often  a  basaltic  structure.  They 
present,  however,  great  dlveralties  of  character  both  to  the  chemist  and 
lithologist ;  and  while  the  mineral  species  are  perhaps  altogether  old,  the 
forms  are  in  some  cases  new.  It  was  our  original  intention  to  confine  tliis 
research  to  one  or  two  peculiar  forms  that  first  attracted  our  attention,  but 
in  the  progress  of  out  examination  the  subject  has  outgrown  its  earlier 
proportions,  both  as  regards  its  extent  and  the  time  required  for  ita 
successful  completion.  We  have  therefore  concluded  to  give  in  the  present 
paper  some  general  observations  with  such  details  as  are  at  present  in  hand, 
reserving  others  until  further  study  and  analyses  shall  have  .rendered  the- 
work  more  complete. 

At  Qood  Harbor  Bay,  about  four  miles  to  the  westward  of  Qrand  Harais,. 
there  begins  a  bed  of  dark  colored  rock,  highly  decomposed  at  surface,  and 
related  to  diabase  in  its  lithologlcal  characters.  This  bed  extends  westward 
along  the  coast  for  several  miles,  sloping  gently  from  the  wooded  hilltops  a. 
mile  or  two  inland,  and  disappearing  beneath  the  waters  of  the  lake  In 
Its  fresher  parts  the  rock  is  somewhat  mottled  where  coarsest,  and  nearly 
black  with  a  greenish  tinge  where  finest  In  terture.  It  is  only  from  the- 
talus,  under  the  wall  of  rock  rising  above  an  underlying  sandstone  outcrop- 
in  Good  Harbor  Bay,  that  this  fresh  materia]  can  be  easily  obtained.  Even 
here  the  mottled  appearance  discloses  the  partial  decomposition  of  the- 
most  perishable  of  the  constituents,  and  the  formation  of  some  new  viriditic- 
mineral.  The  lower  layers  are  Arm  and  compact,  while  the  upper  are 
extensively  jointed  and  fractured,  and  filled  with  amygdaloidal  cavities, 
These  cavities,  in  whatever  manner  they  were   originally  formed,  have 
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become  filled  with  zeolitic  minerala.  Some  of  tbe  cavitieB  are  now  empty, 
but  evidently  «s  a  result  of  tbe  removal  of  their  conCeata  by  aolTents  perco- 
lating through  the  enclosing  rock.  Uccasionaiiy  the  cavities,  are  only 
partially  fliled,  and  the  aubatBDce  witbln  shows  on  its  surface  unmistakable 
traces  of  the  action  of  solvents.  In  some  cavities  one  mineral  is  nearly  all 
washed  away,  leaving  the  surface  of  the  remaining  one  or  several,  aa  the 
case  may  be,  rough  or  uneven,  as  orif^nally  formed.  This  occurs  only 
where  water  has  had  access. 

The  prevailing  mineral,  thomsonite,  is  only  sparsely  distributed  In  the 
lower  and  compacter  beds  of  the  formation.  The  general  occurrence  of  the 
several  other  minerals,  ho  abundant  here,  would  seem  to  indicate  that  tbia 
mineral  was  formed  first  of  all  from  the  decomposition  of  the  rock,  and 
that  one  of  the  others  owes  its  origin  in  part  at  least  to  the  decomposition 
of  those  that  were  formed  before  it.  In  many  masses  of  the  rock  where 
mnch  exposed  and  weathered  the  matrix  has  been  so  decomposed  as  to  be 
easily  broken  away  from  the  amygdules,  but  in  the  fresher  portions  the 
fractures  extend  across  them.  The  other  zeolites,  being  less  persistent 
than  the  thomsonite,  rapidly  disappear,  while  the  amygdules  of  this  mineral 
remain  upon  the  narrow  beaches  of  this  vicinity  in  the  form  of  pebbles  of 
various  sizes,  frequently  unbroken  and  beautifully  polished. 

The  cavities  containing  thomsonite  are  in  many  places  exceedingly  num- 
erous, and  in  other  cases  few  in  number,  even  in  the  same  bed  of  rock.  The 
size  varies  from  a  microscopic  point  to  a  diameter  of  two  or  three  inches. 
In  one  piece  of  tbe  thomsonite -bearing  rock,  now  in  the  General  Museum 
of  the  Univeralty  of  Minnesota,  the  number  of  amygdules  distinctly  visible 
to  the  unaided  eye  on  a  surface  two  inches  square  is  sulBcient  to  give  more 
than  10,000,000  to  the  cubic  foot.  The  largest  In  this  area  was  about  half 
an  inch  in  diameter.  The  amygdules  are  generally  much  larger  and  more 
scattered  than  this  specimen  would  indicate.  Since  they  abound  in  the 
rock  throughout  many  feet  of  its  thickness  and  many  miles  of  its  extent 
along  the  shore,  the  supply  appears  to  be  inexhaustible ;  but  practically  the 
number  of  beach- pebbles,  valuable  as  specimens,  is  quite  limited.  Ail  the 
different  varieties  of  thomsonite  are  so  hard  that  they  take  a  fine  polish  ; 
and  on  account  of  this  property  and  their  often  unique  banded  structure, 
they  are  much  sought  after  by  tourists  and  others  as  objects  of  rare  beauty, 
and  also  for  buttons,  studs,  etc. 

On  our  first  visit  to  the  beach  where  the  greater  number  of  these  pebbles 
occur,  we  at  once  recognized  fragments  of  the  large  amygdules  as  thomso- 
nite. Intermingled  with  these  were  spherical  and  oval  pebbles,  often  more 
or  less  fiattened,  and  of  all  sizes  from  that  of  a  pin's  head  to  that  of  a 
hickory  nut,  but  for  the  moat  part  of  the  size  and  form  of  beans  and  peas. 
Some  of  these  were  also  recognized  as  thomsonite.  The  larger  portion 
presented  a  great  diversity  of  color  and  physical  structure  ;  some  being 
white  and  opaque,  almost  conchoidal  in  fracture,  with  but  slight  indications 
of  a  fibrous  structure ;  others  flesh-colored  throughout,  hard  and  fibrous, 
resembling  thomsonite  from  the  Tyrol  and  other  localities  except  In  their 
greater  hardness  and  finer  texture  ;  others  coarser,  closely  resembling  the 
mineral  from  other  localities:  others,  curiously  banded  externally  with 
zones  and  annular  spaces  of  red,  green,  pink  and  white ;  and  still  others, 
opaque  and  chrome-green  in  color,  shading  out  in  some  to  colorless  and 
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tranBlncent  with  ft  conchoidal  or  nneven  fracture.  These  last  were  at  flrat 
supposed  to  be  fragment*  of  prehuite,  rounded  bj  attrition.  On  further 
examination  a  numt>er  of  the  green  pebbles  were  foand  to  hare  a  flbroua 
and  flesh-colored  interior  with  a  shell  of  the  amorphous  green  mineral.  Id 
giren  portions  of  the  rock  formation,  the  smjgdulea  were,  for  tlie  most 
part,  of  the  same  general  character;  in  one  place,  belog  green  and  opaque; 
in  another,  without  green  bands;  wliile  In  another,  for  the  most  part, 
beautifnlly  variegated.  Similar  local  pscnliarities  were  abserved  In  refer- 
ence to  texture,  some  portions  of  the  rock  containing  only  those  that  were 
hard  and  fine  gr^ned,  while  others  those  tliat  were  unifonnlj  coarser  in 
texture. 

In  our  examinations  of  the  amygdulea,  we  designated  tlie  opaque  white 
variety,  Number  ^nt  (I),  the  ordinaiy  thomgonite,  Number  tvo  (11),  and  tlie 
ffrttn  varietlea,  Number  lArte  (lU). 

As  regards  hardness,  the  Ihomaonite^in  nearly  all  its  varieties — is  pecu- 
liar Some  fibers  scratch  quartz,  which  indicates  a  hardness  above  7;  but 
this  may  ht  owing  to  tlte  preseitce  of  free  silica.  The  harder  specimens  of 
Nunber  III  scratched  an  agate  mortar  easily,  but  were  sctatched  by  quartz 
ciygtal ;  yet  the  percentage  of  silica  was  found  to  be  no  higher  in  the  harder 
than  the  other  specimens.  The  grain  of  such  specimens,  however,  is  exceed- 
ingly flne.  Uost  frequently  the  hardness  is  between  5  and  S.  The  specific 
gravity  varies  from  2.33  to  2.35 ;  the  water- worn  and  somewhat  weathered 
pebbles  have  it  a  tittle  lower,  one  or  two  as  low  as  2.2.  The  fracture  of  Num- 
bers I  and  U  is  fibrous ;  of  Number  III  very  uneven,  and  takes  place  in  all 
directions  with  almost  equal  facility.  They  all  gelatinize  in  hydrochloric 
acid  to  a  thick  Jelly.  Before  the  blowpipe  they  fuse  easily  and  intumesce 
to  a  porous  white  enamel.  In  the  closed  tube,  water  to  the  amount  of  11  to 
12  per  cent,  of  the  whole  weight  was  given  off  at  the  heat  of  an  ordinary 
spirit  lamp.  Grains  of  native  copper  are  frequently  found  in  them,  particu- 
larly in  those  of  Number  III,  which,  if  the  pebbles  are  transparent,  exhibit 
under  a  low  magnifying  power  arborescent  groups  of  crystals,  thrusting  out 
their  branches  in  every  direction  through  the  enclosing  mineral.  In  one 
Instance  an  amygdule,  about  as  large  as  a  pranberry,  contained  at  its  center 
a  mags  of  copper  of  this  kind,  one-third  nf  its  diameter.  In  this  character- 
istic Number  III  resembles  the  prehnite  of  French  River. 

Number  I. — The  amygdules  of  this  type  are  perhaps  of  less  common  occur- 
rence than  other  forms.  Externally  they  look  like  porcelain  with  a  alight 
creamy  tint.  Under  the  microscope  they  appear  for  the  most  part  trans- 
lucent. Countless  fine  dark  lines  extend  longitudinally  through  the  thin 
section,  rapidly  disappearing  to  be  replaced  by  others,  like  the  cells  in  a 
longitudinal  section  of  wood-,  which  are  probably  caused  in  part  by  refrac- 
tion of  the  light  from  the  edges  of  minnte  densely  packed  crystals,  from 
cavities,  and  from  mlcrolites.  One  noticeable  result  of  these  lines  is  to 
weaken  the  effect  of  the  mineral  on  polarized  light.  Not  infrequently  this 
opaque  modification  of  the  mineral  is  banded  with  alternating  zones,  either 
transparent  or  yellow,  or  even  with  both  :  the  transparency  here  seems  to 
be  owing  to  an  absence  of  the  lines  and  microUtes  Just  noticed ;  while  the 
yellow  zones  owe  their  color  to  globules  of  ferric  oxide  distributed  through 
the  mass.    In  the  worn  amygdule*  the  mineral  often  has  a  beautiful  pearly 
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lustre.   Id  minute  quantitiesthefeiricozidegiTeBtliemiaeral  a  flesh-colored 
«iiit. 

A  mean  of  three  aiiBljBes  ahowed  the  compositloo  of  this  mineral  to  be : 

SiO, 40.46 

AliOj 28.60 

Fe,03 0.232  ' 

CaO 10.76 

KaO 0367 

Na,0 4.7e« 

H.0 13.93 

99.983 

Even  opaque  te/aU  amjgdules  aSorded  a  trace  of  ferric  oxide,  which  in- 
creased to  a  fev  hundredths  of  one  per  cent,  when  the  tint  was  perceptibly 
£esh-red. 

Numlier  II. — Under  this  type  nearly  every  Bpecimen  is  fibrous  and  radiated. 
The  masses  are  spherical  or  elliptical,  with  the  point  from  which  the  crys- 
talline fibers  radiate  on  one  side  of  the  mass,  or,  asisperliapB  more  common, 
tiavlng  HTeral  centers  of  radiation  within  the  compact  mass.  Occasionally 
-the  mineral  Alls  seams,  or  occupies  caTitles  that  run  together ;  here,  there 
isre  centers  of  radiation  at  frequent  interrala  and  by  a  system  of  suture-Uke 
Joints,  the  whole  is  made  into  a  compact  m^.  Tet,  solid  as  the  mass  may 
appear  to  be,  a  thin  plate  cut  from  it  Invariably  separates  Into  pieces  along 
the  tine  of  these  Joints,  giving  the  mineral  an  appearance  of  fragility  while 
it  is  really  as  hard  as  agate.  The  fibers  often  interlock  along  the  line  of 
"these  Joints. 

At  the  outer  extremity  of  many  of  these  radiated  concretions,  there  often 
occur  many  transparent  needles,  large  enough  to  be  seen  with  the  unaided 
4ye,  extending  backward  along  the  direction  of  the  fibers  toward  the  center 
•of  radiation.  These  needles  are  broken  up  Into  short  pieces  by  transverse 
fractoies.  They  all  taper  out  and  disappear,  the  longest  of  them  reaching 
no  further  than  the  middle  of  the  mass.  They  act  strongly  on  polarized 
light  and  contain  some  inclusions.  These  lines  do  not  occur  as  developed 
crystals. 

Around  the  borders  of  many  amygdntes  there  are  numerous  small  sphtero- 
litee.  They  have  probably  formed  around  granules  of  various  foreign  sub- 
stances aa  nuclei.  Their  size  is  small ;  to  the  naked  eye  they  took  like  mere 
«pots,  but  they  are  so  numerous  as  to  form  an  envelop  almost  entirely  around 
<he  radiated  concretions. 

A.  mean  of  three  analyses  gave— 

810,  46.020 

AI.O3 26.717 

Fe,Oj 0.813 

CaO 9.400 

K,0 0.390 

Ka.0 3.766 

H,0 12.800 


99.896 
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Jftmber  ZH!— As  before  stated,  these  pebblei,  when  first  seen,  were  enp-  . 
posed  bjr  us  to  be  worn  fragmentfl  of  reulform  prehnite,  so  common  in 
aeTetsl  localities  along  this  shore.  We  soon  found  evidence  that  they  were- 
ADifgdulea;  still  the  fact  that  they  were  not  prehnite  was  not  suspected 
until  their  specific  gravity  had  been  deiennined  and  found  to  be  that  of 
thomsonite,  2.32  to  2.37.    Analysis  showed  them  to  contain— 

BlOi 40.605 

AliOj 30.21B 

PeO 40 

CftO 10.870 

K,0 49 

Nb»0 4.065 

H.0 13.75 


This  composition  allies  the  mineral  very  closely  to  thomsonlte,  so  cloself 
that,  considered  alone,  there  appears  little  reason  why  the  mineral  should 
not  be  considered  at  a  variety  ;  but  there  are  several  notable  reasons  why  a. 
specific  name  may  properly  be  applied  to  this,  as  we  believe,  hitherto  unde- 
scribed  mineral. 

These  pebbles  are  wholly  destitute  of  the  radiated  and  crystalline  charac- 
ter of  otherformsof  thomsonlte.  Under  the  microscope  the  texture  is  wholly 
granular  so  that  the  ciTstalllne  system  cannot  be  determined ;  and  the  gran- 
ules are  so  fine  and  so  compactly  arranged  in  many  speclmenB  that  they  can 
be  resolved  only  in  polarized  light.  Their  size,  however,  is  not  uniform  ia 
the  same  pebble,  being  so  fine  in  some  places  that  only  a  high  power  will 
make  them  visible. 

Bplueroiites  are  also  frequent ;  but  unlike  their  mode  of  occurrence  in  the 
thomsonites,  they  are  distributed  almost  at  random  in  any  part  of  the  amyg- 
dules  containing  them ;  and  frequently  some  foreign  material,  as  a  bit  of 
copper,  is  a  nucleus.  The  sphterolites  often  occur  in  groups;  large  nom^ 
bers  are  crowded  and  heaped  together,  growing  into  and  overlapping  one 
another,  like  the  tridymlte  scales  in  the  rhyolites  of  Mexico  and  the  trachytes 
of  the  Slebengeblrge.  These  groupings  are  not  always  spherical ;  some- 
times they  extend  in  long  curving  lines  through  the  mass,  following  perhaps 
a  fracture  or  a  seam,  instead  of  being  collected  around  a  nucleus  as  a  sphfer- 
olite.  They  show  parallel  green  fibers  meeting  along  a  median  suture  and 
.  correspond  in  their  manner  of  occurrence  to  Zirkel's  description  of  aziolites. 
in  the  rhyolitea  of  the  40th  parallel.* 

The  amygdules  of  the  green  variety  rarely  exceed  in  size  a  small  hickory 
nut.  As  before  stated,  they  are  not  generally  found  Intermingled  in  the 
rock  with  the  other  forms,  but  have  special  localities — tliey  filling  nearly  all 
the  amygdaloldal  cavities  within  a  given  limit,  whose  boundary  at  the  same 
time  is  not  sharply  defined.  Frequently  the  forms  of  No.  I  or  II  are  envel- 
oped In  a  green  covering  of  considerable  thickness.  Moreover,  the  amyg- 
,dules  of  this  type  uniformly  contain  ferrous  oxide  in  small  but  varying  pro- 
portion in  combination,  whereas  In  Numbers  I  and  II  the  microscopic 
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sections  show  the  ferric  oxide  to  be  BOgregaieA  in  minnte  partlclee  or  patches^ 
mech&nlcallr  distributed  through  the  flibroua  masB;  and  in  man;  unjgdules 
tliese  particleB  can  be  seen  distinctly  even  with  the  unaided  eye.  Nor  can 
Numbers  I  and  II  be  considered  as  altered  forms  of  Number  III,  as  the  con- 
dition of  the  iron  might  indicate.  No  amygdule  has  come  under  our  obser- 
vation which  exhibited  a  nucleus  of  Number  III,  surrounded  by  Number  I 
or  U.  On  the  contrary,  we  liare  quite  a  number  in  which,  through  a  thin 
translucent  shell  of  Number  US,  the  pinic  iaterior  can  be  discerned.'  And 
we  also  have  fragments,  and  amygdules  have  been  cut,  which  show  the- 
extemat  crust  of  Number  III  passing  toward  the  center  into  the  radiated 
form  of  Number  II. 

In  determining  the  oxygen  nitio  for  Number  II,  the  silica  appeared  to  b& 
too  high.  We  had  previously  suspected  the  presence  of  free  silica  from  the' 
exceptional  hardness  of  ail  of  these  varieties.  As  the  microscope  showed 
the  ferric  oxide  in  every  case  to  be  free,  we  concluded  to  compute  the  per- 
centages for  Number  II  to  40.4S  per  cent,  of  silica,  the  amount  found  in 
Number  I,  and  exclude  the  iron  oxides.  We  were  much  surprised  at  the 
results,  which  are  given  below : 


40.605 


AJjOj 

29.60 

29.37 

30.215 

CaO 

10.75 

10.43 

10.37 

K,0 

0.36 

0.42 

0.49 

Na,0 

4.76 

4.2g 

4.05 

H.O 

13.93 

13.93 

13.75 

99.76 

98.88 

99.48 

Pe^Oj 

0.23 

0.88 

FeO       .40 

These  figures  prove  conclusively  that  we  were  dealing  with  varieties  of  the- 
same  mineral.  On  comparing  these  percentages  with  those  given  in  Dana,*- 
(he  water  and  dlica  were  found  to  be  high. 


Computing  the  oxygen  n 


IS  and  formula  for  Number  III,  i 


FeO 

0-40 

0-3111 

0-0889 

'0064 

K,0 

0-49 

0-4068 

0.0832 

■0062 

NajO 

4-065 

30118 

1-0432 

■0664 

CaO 

10-37 

7-4070 

29630 
41783  R. 

■1862 
■2622 

AUOj 

30-215 

16-1343 

14-0807 

■2933 

8iO, 

40  606 

lB-949 

21-656 

-676 

H,0 

13-75 

1.628 

12.223 

-766 

Dividing  the  oxygen  percentages  by  5,  we  have 

BO;  RaOj!  SiOi:  H,  0  =  1 :  3  :  4:  2^, 
which  is  the  ratio  for  thomsooite,  given  in  Dana's  Mineralogy,  with  the 
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basM  low  mk)  tbe  aillca  sod  water  high.  DlTidiog  the  atom>  by  -OOS,  wa 
hare  the  formula 

(a^5(PeO  tKj  0+Na,  0)+3-5CaO)AI,  O,  ,  (SiOj  ),  (H.  0)j  , 
with  the  protoxide  bases  low,  aad  the  ulica  aod  water  high.* 

Compating  the  ratios  after  RammeUberg)  we  have : 
(Na+E):  (Ca+Fe):  ;  1  :  1'3S 
(Ca  +  Fe)  :  Al,  :  :  1  :  IH 
(Ca+Fe+E-fNa)=R:  Ab  :  Si :  :  1-13  : 1:  203 
.  Bi  :  H  :  ;  1  ;  2-20 

Rammelsberg  deduces  from  ttiese  ratios  a  formula  which  he  calls  a  half 
silicate  (Halbsilicat),  according  to  the  expression 

lm(2Ca    AU  Bii  Os +Saq)  I  t 
1  n(ZNai  AI]SiiOs+Saq)J 

In  which  m  Indicates  a  certain  proportion  of  a  hydroos  silicate  of  aluminum 
and  a  dyad  protoxide,  and  n  a  certain  proportion  of  a  hydrous  silicate  of 
aluminum  and  an  alkaline  or  monad  protoxide.  The  ratio  between  m  and  n 
Taries  In  different  specimens.  Number  I  and  Number  II,  without  the  excess 
of  silica,  approach  more  nearly  the  thomsoniteof  Elbogenln  composition  (in 
which  the  ratio  of  m  to  n=2:  1)  than  any  mentioned  by  Rammelsberg. 
Wltile  the  ratio  of  Bi  to  H  is  about  the  same  as  given  by  Rammelsberg,  the 
percentage  of  both  in  these  specimens  is  higher  than  in  the  analyses  quoted 
by  him. 

We  conclude,  therefore,  that  this  mineral  contains  a  small  percentage  of 
free  silica,  and  also  that  a  part  of  the  water  is  basic.  This  latter  opinion  is 
strengthened  by  the  fact  that  about  12  per  cent,  of  the  water  escaped  at  a 
dull  red  heat,  and  that  only  prolonged  heating  In  a  platinum  crucible  for 
eeveral  houra  would  expel  the  last  I'TS  per  cent.  At  least  six  determinations 
of  the  water  were  made  in  this  variety,  with  the  same  result. 

The  percentages  of  Nnmbers  I  and  II  are  so  near  that  of  Number  m  that 
no  material  difference  can  exist  In  their  formuls.  While  recognizing  this 
fact  as  respects  the  chemical  constitution  of  these  minerals,  the  great  differ- 
ence in  their  physical  structure  leads  us  to  regard  Number  III  as  a  distinct 
and  well  marked  variety  of  thomaonite,  if  not  a  distinct  species.  We  have 
therefore  given  it  the  name  LtMotute,  in  honor  of  Bliss  Laura  A.  Linton,  a 
recent  student  and  graduate  of  this  University,  to  whose  patient  effort  and 
•kill  we  are  indebted  for  the  analyses  given  in  this  paper. 

UmvsBaiTT  or  Mutxbsota,  Nov.  20, 1879. 

*  nfth  edition,  p.  im. 

-MUmmslibeig  l[lD.Clwm.,Xd.  1873,  p.  StT. 
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CORRESPONDENCE   WITH   THE   UNITED  STATES 
GEOLOGICAL  SURVEY". 


■Washdjotom,  Feb.  28, 1880. 
Frtf.  N.  H.  Wineh^,  ^aU  QetHogi»l,  MinneapoU*  : 

During  the  coming  apiing  It  is  probabls  that  congreu  will  determine  the 
question  whether  or  not  the  suireTs  shall  be  extended  over  the  whole  area  of 
the  United  States.  It  Is  not  the  policy  of  this  organization  to  malie  surveys 
of  States,  but  simply  to  follow  such  general  questions  as  lutppen  at  any  time 
to  be  under  inrestlgation  wherever  the  facts  may  lead,  regardless  of  politi- 
cal lines.  An  erroneous  impression  of  the  policy  oF  this  bnreau  having 
been  industriously  circulated,  the  director  desires  to  announce  to  you  that 
he  urges  the  inauguration  and  continuance  of  State  surveys,  and  wishes  to 
co-operate  with  them,  to  the  mutual  advantage  of  both  parties.  He  desires 
to  ask  whether  or  no,  in  your  opinion,  such  general  extension  of  this  survey 
is  desbable  to  meet  the  practical  and  scientific  needs  of  the  people  and 
the  Government,  and  whether  you  would  wish  to  co-operate  with  him. 
Pleaee  reply  very  fully  by  telegraph. 

CLARENCE  KINO. 


[Telegram.] 

The  TJhivbrsity  of  MnniBBOTi., 

UnniBAPOLis,  Hans.,  Mar.  1, 1880. 
Clarmee  Sirig,  Director  of  the  United  Btaie*  GeologiteU  Svrwy,  Wathington,  D.  C.  : 
The  general  extension  of  the  United  States  Geological  Survey  over  the 
whole  area  of  the  United  States  is,  in  my  opinion,  desirable  for  the  follow- 
ing reasons : 

1.  It  will  give  it  full  data  for  the  discussion  of  questions  that  arise  in  one 
part  and  cannot  be  settled  without  examinations  in  other  parts. 

2.  The  need  of  geological  science  In  America  Is  a  aystematic  and  author- 
ized  odjostmenl    of   a   great   many  questions  that  have  been  variously 
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Answered  bj  the  varioua  local  geologists  of  the  States,  princip&lly  because 
of  restricted  arcfte  of  oxamination.  Such  aa  extension  of  the  Uaited  States 
Oeologicat  Suire;  would  ultimately  harmonize  a  great  maoy  apparent 
digcordances  that  now  exist,  and  would  redound  to  the  advancement  of  the 
science,  and  the  general  acceptance  of  its  truths  among  the  people. 

3.  There  are  some  States,  as  well  as  Territories  that  never  have  completed 
geological  snrveys,  and  perhaps  never  will.  Tet  a  knowledge  of  this 
geologj  is  essential  to  the  interpretation  of  the  geologf  of  adjoining  States, 
particularly  when  the;  isolate  those  adjoining  States  from]  the  before- 
surveyed  areas  of  the  Union,  There  should  be  some  agency  for  surveying 
such  areas  of  the  [Jnion.  The  geological  relationships  between  the  States 
ie  as  intimate  as  the  hydrographic,  or  the  climatic,  or  the  sanitary,  or  the 
commercial ;  and  the  general  "practical  and  scientific  neede  of  the  people" 
Just  as  much  require  their  examination,  interpretation  and  full  publication. 

4.  I  have  no  sympathy  whatever  with  the  alarming  cry  of  State*  right*,  as 
against  such  a  general  extension  of  the  United  States  Geological  Survey. 
The  history  of  the  past  century  has  sufficiently  established  the  national 
character  of  the  United  States.  It  is  pre-eminently  a  nation's  duty  to  survey 
and  map,  and  develop  Its  domain,  whether  held  by  private  parties]|or  not ; 
and  our  Government  has  recognized  this  duty  in  a  great  many  ways.  It  has 
established  hydrographic,  magnetic,  geodltic,  climatic,  ethnologic,  astro- 
nomic, topographic  and  other  surveys  and  investigations  of  a  national 
character,  in  one  way  and  another,  which  are  as  likely  to  trespass  on  the 
rights  reserved  to  the  States  as  anything  connected  with  a  geological  survey. 

6.  The  older  States  that  have  tieen  surveyed,  ought  to  be  re-surveyed. 
The  development  of  the  country  la  so  rapid  that  new  geologic  facts  are 
stantly  being  exposed,  bearing  on  a  knowledge  of  the  strata  and  their 
tents.  This  is  in  the  nature  of  science.  It  Is  no  fault  of  the  early  geologists. 
This  necessity  is  so  apparent  that  in  several  of  the  older  States  such 
re-surveys  have  already  been  undertaken. 

6.  The  aggregate  cost  to  the  United  States  of  a  uniform  genend  survey, 
of  the  ctiaracter  and  completeness  that  the  United  States  government  would 
execute,  would  certainly  be  much  less,  and  the  survey  would  be  much 
quicker  done  titan  if  each  State  should  institute  its  own  survey  and  Invest 
in  apparatus  and  outfit  and  cany  it  on  independently. 

On  Oix  other  hand,  the  general  extension  of  the  United  States  Geological 
Survey  over  the  whole  area  of  the  United  States,  would  result  disastrously 
in  the  following  ways,  unless  special  provision  be  made  against  them : 

1.  Reducing  the  number  of  scientific  investigators  and  observers,  by  the 
absorption  of  their  functions  and  duties  into  the  general  United  States  Sur- 
vey, and  hence  the  decadence  of  general  popular  knowledge  of,  and  interest 
in,  scientific  matters. 

2.  The  removal  of  specimens  and  material  for  museums  from  the  Slates 
to  the  national  capital,  and  hence  the  injury  of  the  Btates  themselves  by 
compelling  the  citizen  to  travel  often  a  great  distance  to  examine  his  home 
products. 

3.  In  an  educational  sense,  the  loss  to  the  State  of  those  Incentives, 
methods  and  means  of  scientific  knowledge  which  are  derived  from  the  geol- 
ogical examination  of  the  State. 
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4.  The  InterfereDce  with,  and  final  termination  of,  the  pnsent  and  the 
preTentioa  of  future  State  geolo^cal  suireja. 

If  a  law  can  be  framed  that  will  cany  out  the  fonner  considerations,  but 
£uard  against  the  latter,  I  should  be  in  favor  of  it,  and  should  be  glad  to 
■co-operate  with  such  a  United  States  Geological  Survey. 

The  mere  extension  of  the  present  U.  S.  Geological  Survey,  for  the  pur- 
pose of  certain  economical  Investigations  over  the  whole  area  of  the  United 
States,  Is  not  only  very  desirable,  but  almost  necessary  for  the  satisfactory 
elucidation  of  our  national  material  wealth,  making  a  kind  of  geological 
census ;  and  I  nhall  be  glad  to  co-opeiate  in  every  way  in  my  power.  It  seems 
to  me  that  a  law  could  be  framed  that  would  allow  the  States,  through  their 
State  Universities,  a  large  latitude  in  the  control  of  the  material  gathered, 
;and  in  the  educational  interests  involved,  but  which  would  still  place 
the  general  supervision,  direction  and  publication  at  Washington. 
Yourg  very  respectfully, 

N.  H.  WmCHELL. 
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[Extracted  from  thb  Am.  Jodb.  or  Scibhcr  amd  Art6  fob  Jukx,  1880.  J 


Stvdjf  of  the  Shnmtt  Qmnty  Mtteorite,  that  fdl  near  BithenWIe,  Bmmtt  Couftty, 
Iowa,  Mag  10,  1879. 

BT  J,  LAWRENCE  SMITH,  LOUIBVIIjI.B,  KY. 

The  fall  of  this  meteorite  is  in  all  its  stteDdant  ctrcumstances  one  of  the- 
most  remarkable  on  record.  I  therefore  visited  the  region,  on  mj  return  to 
America  some  months  after  its  fall,  and  saw  the  two  large  msMes  which  kt» 
the  main  representatives.  Several  short  notices  hare  already  appeared  on 
the  subject;  among  them,  one  each,  bf  Professor  Bhepaid,  Professor 
Peckbam  and  Professor  ffinrlciis ;  and  in  describing  the  physical  and 
chemical  characteristics  of  the  original  masses,  I  shall  be  obliged  to  repeat 
some  details  that  hare  lieen  brouglit  out. 

Loeatitff.—Tbe  place  of  fall  is  near  EatherriUe,  Emmet  County,  Iowa,  just 
on  the  boundary  of  the  State  of  MinnesoU,  lal,  43"  ai^.  Ion,  94'  50',  within 
that  region  of  the  United  States  which  has  become  remarkable  for  falls  of 
meteorites,  and  of  which  I  gave  an  outline  map  In  my  article  on  "  the  threo 
meteorites  that  fell  at  Rochester  in  Imliana,  pynthiana  in  Kentucky,  and. 
WarringtoQ  in  Missouri,  within  the  space  of  one  month."* 

The  State  of  Iowa  has  become  particularly  conspicuous  in  recent  years  aa 
the  landing  place  of  these  celestial  messengers ;  and  I  now  have  under 
examination  still  another  remarluble  one  vrith  some  peculiar  physical 
characters,  but  atiout  which  I  have  not  yet  obtained  the  historic  details. 

The  phenomena  aooompcmying  the  ft^  were  of  the  usual  character,  but  on 
a  grander  scale.  It  occnrred  about  five  o'clock  In  the  afternoon,  under  a 
clear  aky,  with  the  sun  shining  brightly.  In  eome  places  the  meteorite  was 
plainly  risible  in  its  passage  through  the  air,  and  looked  like  a  ball  of  fire 
with  a  long  train  of  vapor  or  cloud  of  fire  behind  It,  and  one  obserrer  saw 
it  100  miles  from  where  it  fell.  Its  course  was  from  northwest  to  southeast. 
The  sounds  produced  En  its  course  are  referred  to  as  being  '■  terrible"  and 
"  indescribatjle,"  aa  scaring  cattle  and  terrifying  the  people  over  an  area 
many  miles  in  diameter.  At  txil  they  were  louder  than  that  of  the  largest 
artillery  ;  these  were  followed  tfy  a  rumbling  noise,  as  of  a  train  of  cars 
crossing  a  bridge.    The  concussion  when  it  struck  the  groimd  was  sensiblo 
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to  many  persoas,  and  it  Is  reported  tfa&t  the  soil  was  thrown  into  tlie  air  at 
the  edge  ofaravlne  where  the  largest  of  the  masses  was  found.  Two  indiv- 
iduals were  withio  two  or  tliree  hundred  yards  of  the  spots  where  the  two 
larger  masaes  fell. 

There  were  distinctly  two  explosions.  The  flrst  took  place  at  a  consider- 
able height  in  the  atmosphere,  and  several  large  fragmeuts  were  projected 
to  different  points  orer  an  area  of  foor  square  miles,  the  largest  mass  going 
farthest  to  the  east.  Another  explo^on  occurred  Just  before  reaching  the 
ground,  and  this  accounts  for  the  small  fragments  found  near  the  largest 

Impact  with  the  earth. — A.  remarkable  fact  connected  with  the  f&ll,  besides 
that  of  thf  local  disturbance  of  the  earth  alluded  to,  is  the  depth  to  which 
the  muss  penetrated.  Had  the  fall  taken  place  during  the  night,  I  doubt  if 
the  largest  fragment  would  have  been  found.  It  struck  within  200  feet  of  a 
dwelling  house,  at  a  spot  where  there  was  a  hole  (previously  made)  six 
feet  deep  and  over  twelve  feet  in  diameter,  filled  with  water,  and  having  a 
liottom  of  stiff  clay.  This  clay  was  eicavatad  to  a  depth  of  eight  feet 
before  the  meteorite  was  discovered,  and  two  or  three  days  elapsed  before  it 
was  reached.  Its  total  depth  below  the  general  surface  of  the  ground  was 
hence  fourteen  feet. 

The  second  large  mass  was  found  embedded  in  blue  clay  about  five  feet 
below  the  surface,  at  a  place  two  miles  distant  from  the  first.  The  third  of 
the  three  largest  masses  was  not  discovered  until  the  23d  of  February,  18S0, 
more  than  nine  months  after  the  fall,  and  its  locality  was  four  miles  from 
the  first.  A  trapper  on  the  prairies,  who  had  witnessed  the  original  occur- 
rence, observed  a  hole  in  a  dried-up  slough ;  on  sounding  it  with  his  rat 
spear,  he  detected  a  hard  body  at  the  bottom,  and  on  digging  found  the 
stone  at  a  depth  of  five  feet.  Some  small  fragments  were  doubtless 
detached  when  the  large  mass  approached  the  ground,  as  they  were  dis- 
Qovered  near  to  it.  The  fragments  thus  far  obtained  weighed  respectively, 
437,  170,  93^,  28,  1D>^,  4  and  2  pounds. 

ITeight  and  tdoeily. — A  railroad  engineer  who  observed  it  before  the 
report,  estimated  its  height  to  be  forty  miles,  but  at  the  time  of  the  explo- 
sion much  less ;  from  an  imperfect  computation,  he  considered  its  velocity 
to  be  from  two  to  four  miles  per  second. 

Exiemai  Gliaraoten. — The  masses  are  rough  and  knotted  like  large  mul- 
berry calculi,  with  rounded  protulierances  projecting  from  the  surface  on 
every  aide  :  the  black  coating  is  not  uniform,  being  most  marked  between 
the  projections.  These  projections  have  sometimes  a  bright  metallic  sur- 
face, showing  them  to  consist  of  nodules  of  iron ;  and  they  also  contain 
large  lumps  of  an  olive-green  mineral,  iiaving  a  distinct  and  easy  cleavage, 
which  is  more  distinct  where  the  surface  has  been  broken.  The  greater 
portion  of  the  stony  material  is  of  a  gray  color,  with  this  green  mineral 
irregularly  disseminated  through  it.  The  two  minerals  are  mixed  under 
various  formB;  sometimes  the  green  mineral  is  in  small  rounded  particles 
intimately  mingled  with  the  gray,  at  other  times  it  is  in  small  cavities  in 
minute  crystalline  fragments,  without  any  distinct  faces,  and  almost  color- 
less. The  masses  are  quite  heavy  and  vary  much  in  specific  gravity  in  their 
different  parts;  but  the  average  cannot  be  less  than  4.5.  When  broken, 
one  is  immediately  struck  with  the  large  nodufe*  of  metal  among  the  gray 
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and  green  stony  BubsUnces.  Bomfl  of  which  will  wetgh  100  grams  or  more. 
In  this  respect  this  meteorite  is  unique,  it  diSering  enUrely  from  the  mixed 
meteorites  of  Pallas,  Atacama,  etc.,  or  the  known  meteoric  stones  rich  in 
iron ;  for  in  none  ot  these  has  the  iron  this  nodular  character. 

Another  striking  feature  in  the  relation  of  the  iron  and  stony  matter  Is, 
that  the  larger  nodules  ofl  Iron  appear  to  'have  shrunk  away  from  the 
matrix ;  an  elongated  Assure  of  from  one  to  three  millimeteTS  eometimes 
Intervening,  separating  the  matrix  and  nodules  to  the  extent  of  one-half 
the  circumference  of  the  latter,  and  appearing  as  if  the  iron  liad  contracted 
from  the  stony  matrix  during  the  process  of  cooling.  There  are  numerous 
amatl  cavities  of  various  sizes,  where  there  are  not  any  iron  nodules,  and 
where  tlie  minerals  appear  more  crystalline,  indicating  an  irregular  shrink- 
age daring  the  confiolidation. 

The  mineraU. — At  first  sight  I  expected  to  find  more  tlian  two  earthy 
minerals.  The  microscope  gave,  as  with  most  meteoric  stones,  unsatis- 
foctory  results.  I  therefore  tried  to  separate  the  stony  minerab  mechani- 
cally ;  the  only  mineral  that  I  was  enabled  to  obtain  pure  In  sufficient 
quantity,  has  an  olive  green  color,  and  occurs  in  masses  of  from  one-half  to 
one  inch  in  size,  having  an  easy  cleavage,  especially  In  one  direction  ;  this 
is  proved  to  he  atieifte.  The  same  minei«l  occurs  also  in  minute  rounded 
concretions  in  other  parts  of  the  meteorite ;  and  minute,  almost  celorless 
crystalline  particles  in  the  cavities  1  take  to  be  olivine,  JSieMifetwu  iron, 
OS  already  stated,  is  very  abundant.  T^viUU  exists  In  small  -  quantity. 
Ohromite  was  also  found. 

That  the  stony  part  of  this  meteorite  coasiats  essentially  of  bronzite  and 
olivine  will  be  seen  from  the  chemical  investigation,  which  found  only 
tliree  essential  constituents,  viz ;  silica,  ferrous  oxides  and  magnesia. 
Another  silicate  will  be  referred  to  beyond,  consisting  of  the  same  oxides, 
but  in  different  proportions  from  either  bronzite  or  olivine. 

CkemietU  eonttitvti^i. — The  stony  part,  pulverized  and  freed  as  far  as 
possible  from  metallic  iron  by  the  aid  of  the  magnet,  when  treated  with 
chlorbydric  acid  on  a  water  bath  for  several  hours,  is  resolved  into  soluble 
and  insoluble  parts,  the  proportions  varying  very  much  with  different 
fragments,  and  ran^ng  from  IG  to  60  per  cent  for  tlie  soluble  part.  This 
soluble  part  consists  of  silica,  ferrous  oxide  and  magnesU,  and  without  a 
trace  of  Itme,  thus  Indicating  the  absence  of  anorthlte. 

(1)  Inteiuble  portion.— the  insoluble  portion  was  carefully  analyzed  by 
fusion  with  carbonate  of  soda,  and  found  to  contain : 

Oijien  ratio. 

Silica M-J2  2B'12 

Ferrous  oxide 81-05  467 

Chromic  oxide .• trace. 

Magnesia M-»  9-80 

Soda  with  traces  of  potash  and  Uthia -09  -0^ 

Alumina -03  -013 

B9-2B 

The  oxygen  ratio  clearly  indicates  the  mineral  to  be  Sik,  being  virtu- 
ally SI  (MgPe),  or  the  common  form  of  brontilt  contained  In  meteorites. 
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(2)  Satuble  portion. — Oa  testing  the  green  mineral  already  referred  to  I 
found  that  this  wsa  the  soluble  portion,  and  it  was  readtly  detected  in  a 
pure  state  from  the  atony  part  of  the  meteorite.  Its  cleavage  in  one 
direction  ia  very  perfect ;  Its  speciflc  gravity  3 '36  ;  hardness  almost  7 ;  pul- 
verized, it  ia  readily  anil  completely  decomposed  by  hydrochloric  acid. 
Two  analyses  wets  made,  one  by  decompoaing  It  directly  with  hydrochloric 
acid  over  a  water  bath,  and  the  other  by  first  fusing  it  with  carbonate  o 
soda-- the  two  analyses  agreeing  perfectly. 

Bilica ^ 41-50  22-13 

Ferrous  oxide 1421  3-12 

Magnesia 44  M  17-86 

10039 
The  above  analysis  gives  the  formula  ^R*,  or  that  of  olivine. 

(3)  Opaleteetu  tOitate.— la  some  parts  of  this  meteorite,  a  silicate  occurs 
that  Is  opalescent,  of  a  light  greeniah-yellow  color,  and  cleaves  readily.  In 
one  Instance  I  observed  It  making  a  notable  projection  on  the  surface. 
Although  I  had  a  number  of  fragments  of  the  meteorite  for  examination, 
amounting  to  ten  or  twelve  pounda,  I  did  not  obtain  enough  of  the  mineral 
to  establish  positively  Its  true  character,  but  I  hope- to  obtain  more.  An 
analysis  was  made  with  about  100  milligrams  of  tlie  pure  mineral  with  the 
following  result : 

OxTgen  nUo. 

Silica 49-60  26-12 

Ferrous  oxlne 16-78  3-50 

Magnesia 3301  13-31 


Equivalent  to  Slid  +  Bii  R,  one  atom  of  bronzlte  phia  one  atom  of  olivine, 
a  form  of  silicate  that  we  might  expect  to  find  in  meteorites. 

(4)  The  niek^enm*  inm.—hA  already  stated  this  iron  is  abondant  In  the 
meteorite,  and  sometimes  in  large  nodules  of  60  to  100  grams;  on  a  pol- 
ished surface  the  Widmanstattian  figures  are  beautifully  developed  by  acid. 
On  analysis  it  was  found  to  contain  : 

Iron 92-001 

Kickel 7-100 

Cobalt -690 

Copper minute  quantity. 

Fhosphotua. 'lis 

99-903 

(5)  TroiUU—TYM  proportion  of  troiUte  Is  not  large,  and  it  could  be 
detached  only  In  small  fragments. 

(6)  ChromiU. — When  small  pulverulent  fragments  of  the  meteorite  are 
be:iiud  with  hydrochloric  acid  for  some  time  and  the  residual  matter 
washed  and  dried.  It  is  easy  to  find  particles  of  the  atony  mineral  more  or 
less  rilled  with  minute  black  ahlnlng  particles  which  are  chromlte. 
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The  conslilution  of  this  meteorite,  so  far  as  I  have  been  able  to  nuke  it 
out,  is  therefore  as  follows ; 

Brmmte,  abundant ;  <Mnat,  abundant ;  nidcdiferwu  iron,  abundaat ; 
troOile,  In  moderate  quantity ;  ehromite,  in  minute  quantitj ;  ttUeate,  not  jet 
well  determined. 

It  wilt  he  thus  seen  that  In  its  composition  the  meteorite  oontaine  nothing 
that  is  peculiar.  I  should,  however,  give  it  a  unique  position  among 
meteorites,  on  account  of  the  phenomena  accompanjlng  its  fall,  especiallv 
the  great  depth  to  which  it  penetrated  beneath  the  surface,  and  also  ttecause 
of  its  phjBical  characters  and  the  manner  of  association  of  its  mineral 
constituents.  I  examined  carefully  for  feldspar  and  schreibersite  ;  but  the 
absence  of  both  Itme  and  alumina  (except  as  a  trace)  clearljr  proved  the 
absence  of  anorthite;  and  the  small  particles  of  the  mineral  that  might 
have  been  taken  for  BChreibeisite  were  found  un  examination  in  all  instances 
to  be  troillte. 


Bmmtt  OowOy  JfifwrAe ;— When  my  paper  was  sent  to  press,  the  following 
new  facts  in  connection  with  this  meteoritic  fall  had  not  been  discovered. 
I  am  indebted  for  them  to  Mr.  Chas.  Blrge.  These  additional  discoveries, 
twelve  months  after  the  fall,  only  add  to  the  interest  of  this  phenomenon. 
Mr.  Birge,  a  few  months  ago,  had  been  made  aware  of  the  fact  that  a 
number  of  boys,  herding  cattle  near  a  lake  about  four  miles  west  of 
Egtherville  on  the  day  of  the  fall,  reported  that  when  the  meteor  passed 
over  them,  a  great  shower  of  what  appeared  to  tliem  hailstones  fell,  and 
that  the  surface  of  the  water  was  alive  with  the  falling  bodies.  Three 
weeks  ago  (April  ISth)  the  people  of  that  heighborhood  began  to  find,  on 
the  freshly  burnt  prairies,  small  pieces  of  meteorites  from  the  size  of  a  pea 
to  one  pound  in  weight ;  300  to  SOO  were  thus  found ;  and  ten  days  ago 
(May  Ist)  thousands  of  men,  women  and  childien  were  on  the  ground  daily, 
and  from  the  meteoric  field  probably  Ave  thousand  pieces  have  already  been 
gathered,  making  in  all  a  weight  of  not  less  than  from  SO  to  7G  pounds. 
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CASTOEOIDES  OHIOENSIS,  Fotlrr. 


Id  the  city  of  Minneapolis,  while  digging  for  ft  cistern  on  the  comer  of 
Waahiagton  avenue  and  Fifteenth  Avenue  north,  Mr.  —  Bommera  discovered, 
at  the  depth  of  eight  feet,  the  left  mandibular  ramus  of  this  rare  beaver- 
like rodent.  The  position  is  wilbin  the  Valley  of  the  Hissiiaippi  River,  and 
under  the  BOndy  loam  that  lies  on  the  brick  clay.  Beferring  to  the  diagram 
opposite  page  16S  of  the  report  for  1^76  (fifth  report),  its  position  is  illus- 
trated. It  lay  near  the  bottom  of  the  "aandy,  loam-covered,  gravelly  plain," 
about  twenty  feet  above  the  river,  and  over  the  brick  clay,  so  near  the 
brick  clay  that  in  excavating  in  search  for  other  pieces,  some  of  the  clay  was 
thrown  out.  Accompanying  It  were  fragments  of  Unio  shells.  It  hence 
belongs  to  that  period  of  tima  when  the  Mississippi  extended  between  the 
high  drift  bluffs  that  enclose  the  city  of  Minneapolis,  and  which  are  about 
two  miles  apart,  and  hence  to  the  flood,  or  "  terrace,"  epoch,  of  the  glacial 
period.  Probably  the  ice  of  the  glacial  period  still  prevailed  over  the 
DOrthern  part  of  the  Btate,  its  dissolution  supplying  the  sliundant  water 
which  kept  the  HlHsissippi  at  that  stage. 

This  rodent  was  first  found  in  the  State  of  Ohio,  at  Nashport,  Licking 
County,  and  was  described  anonymously,  but  not  named,  by  J.  W.  Foster, 
in  the  American  Journal  of  Science  and  Arts  for  1S37,  with  figures,  and 
aubaequently  named  by  him  In  the  2d  Report  on  the  Oeology  of  Ohio,  in 
1S3B.  It  was  again  found  at  Clyde,  Wayne  County,  New  York,  and  was 
described  and  Sgured  by  Wyman  in  the  Proceedings  of  the  Boston  Society 
of  Natural  History,  in  tB46  This  discovery  embraced  the  right  ramus  and 
the  entire  skull.  In  the  University  Museum  are  perfect  plaster  casts  of 
these  specimens,  the  original  of  which  are  in  the  museum  of  Geneva  College. 
The  remains  of  the  same  animal  (ramus  of  the  lower  Jaw)  have  been  found 
also  at  Memphis,  Tenn.,  which  were  described  by  Wyman  in  the  Am. 
Joui.  6ci.  and  Arts  for  ISSO,  vol.  X,  and  in  the  third  volume  of  the  Proc. 
Bos.  8oc.  (leSO) ;  also  by  Agassiz  in  Proc.  Am.  Assc.  Adv.  Sci.  for  1851. 
Mr.  J.  Le  Conte  records  its  discovery  at  Shawneetown,  IlMnoia,  in  the  Proc. 
Phil.  Acad.  Nat.  Sci.,  vol.  VI ,  p.  53,  and  J.  Leidy  notes  fragments  of  teeth 
from  the  Ashley  River,  South  Carolina,  and  a  skull  near  Charleston,  Coles 
County,  III.  Wyman  also  mentions  its  discovery  near  Natchez,  Mississippi, 
and  In  Louisiana,  and  A.  Wlncbell  records  it  in  Michigan,  in  the  American 
Naturalist  for  ISTO.  J.  A.  Allen  reports  it  from  Dallas,  Dallas  County 
Texas,  from  the  alluvial  deposits  of  the  Trinity  River,  associated  with  the 
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remains  Of  ait  extinct  horse  and  mastodon,  in  the  Hoaograph  on  Rodentia 
(vol.  XI)  of  tlie  United  States  Geological  Survey  of  the  Territories,  by  F.  V. 
Hayden.  It  seems,  therefore,  to  hare  been  extended  over  the  whole  of  the 
United  States  east  of  the  Mixsissippi  from  Minnesota  to  Louisiana,  and  into 
Texas,  and  to  have  been  cotemporary  with  the  mastodon,  and  hence  with 
the  mound  builders.  It  was,  however,  quite  different  from  the  living 
beaver,  and  may  not  have  been  acquatic.  No  portions  of  the  skeleton 
except  the  head  and  teeth  have  been  discovered.  Its  size  was  about  that  of 
the  common  black  bear,  according  to  Mr.  Allen,  and  It  was  wholly  a  vege- 

Tbe  specimens  found  at  Minneapolis  consist  of  the  left  ramus  and  the  lower 
left  incisor,  the  latter  evidently  broken  from  the  former  in  being  removed 
from  the  sand  in  which  the  whole  was  entombed.  Their  size  indicates  an 
animal  somewhat  larger  than  the  specimen  first  found  in  Ohio  and  described 
by  Foster,  and  also  larger  than  that  found  in  New  York.  It  is,  however,  a 
little  smaller  than  that  described  by  Wyman  from  Uemphis.  The  whole 
length  of  the  specimen,  when  the  parts  are  united,  is  9}^  inches,  of  which 
5>^  inches  consist  of  the  projecting,  uncovered  incisor,  a  portion  of  the  Jaw 
being  broken  awny  on  the  under  side.  The  condyle  and  coronoid  process 
are  wanting,  and  the  sigmoid  notch  is  also  gone.  On  the  under  portion  of 
the  mandible  the  alveolar  cavity  of  the  incisor  is  broken  into  between  the  sym- ' 
physis  and  the  angular  (f)  process,  disclosing  the  dark-brown  enamel  of  the 
incisor..  T^e  angular  process  Is  about  half  an  inch  in  length,  directed 
obliquely  inward  and  backward  Its  base  extends  an tero- posteriorly  an  inch 
and  a  half.  Its  shape  is  that  of  a  blunt  rounded  wedge,  and  Its  under  surface 
is  in  a  plane  at  right  angles  to  the  grinding  surface  of  the  molars.  The  four 
molars  are  all  preserved  perfectly.  The  first  one,  which  rises  a  little  more 
than  half  an  inch  in  front,  above  the  alveolar  cavity,  has  four,  obliquely 
transverse  lamelltc,  or  flattened  hollow  plates,  covered  with  enamel  and 
cemented  together,  one  after  the  other,  hy  layers  of  a-utta  petrota,  which 
also  seems  to  fill  their  interior..  Within  the  alveolar  cavity  these  plates,  or 
sacks,  at  least  in  the  fourth  molar,  are  separate  and  free,  and  when  this 
tooth  is  taken  out  their  loner  ends  are  open.  The  outer  surfaces  are  finely 
striated  perpendicularly,  and  crossed  transversely  by  undulations  of  growth. 
The  second  and  third  molars  have  each  three  lamells,  the  first  and  last  of 
which  areobliquely  transverse  but  parallel,  while  the  second  is  more  oblique- 
ly transverse  and  longer,  nearly  touching  the  Interior  angle  of  the  third  and 
the  exterior  angle  of  the  first.  The  lameltte  all  cross  the  mandible  from 
within  obliquely  outward  and  forward.  The  second  and  third  molars  are  of 
nearly  the  same  sixe  and  shape,  but  they  rise  less  above  the  alveolar  cavity. 
They  are  sunk  deep  within  the  mandible,  along  the  outside  of  the  Incieor. 
The  enamel  ridges  on  the  grinding  surfaces  form  a  broad  letter  8.  In 
the  fourth  molar  the  dentinal  plates  are  three  In  number  and  more  nearly 
parallel,  and  less  oblique  to  the  general  direction  of  the  grinding  surface. 
These  plates  terminate  on  the  upper  surface  of  the  incisor,  which  passes 
below,  or  along  the  inside  of  the  bases  of  all  of  the  molars.  The  symphysis 
of  the  mandible,  where  it  united  with  the  other  ramus,  is  three  inches  long, 
there  being  a  thickening  of  the  bone  and  a  downward  process  on  the  under 
side  of  the  ramus  where  the  incisor  in  use  would  most  need  a  powerful  ful- 
crum.   The  greatest  diameter  of  the  incisor,  whore  broken,  is  one  Inch. 
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Its  Bection  is  sub-triangular,  the  outer  and  lower  surfaces  being  rounded, 
while  the  upper  and  inner  surfaces  are  flat  or  sliglitly  concave.  The  exte- 
rior GuiTcd  surface  is  grooved  iongitudinaily,  .with  IB-ZO  groovea,  which  are 
about  twice  as  wide  as  the  ridges  they  separate.  They  are  unequally  dis- 
tant, being  more  close  on  the  lower  aide  than  on  the  outside.  The  inside 
and  upper  side  are  not  thus  grooved,  but  they  show  fine  transverse  waving 
undulations  of  growth,  which  also  are  sometimes  visible  crossing  the  grooves 
and  ridges  of  the  esterior  surface.  At  the  extremity,  wliich  seems  to  have 
ran  nearly  to  a  point  (now  broken  oft)  rather  than  to  an  edge,  the  enamel  is 
worn  away  by  use  on  the  upper  side  about  an  inch  from  the  end.  There  is 
a  large  duct  or  canal  entering  the  ramus  about  an  inch  back  of  and  above 
the  fourth,  molar,  which,  passing  the  fonrtb  molar  without  bifurcation, 
descends  obliquely  over  the'incisor  outwardly,  and  passes  below  the  third 
molar.  The  grinding  surface  of  the  molars  is  concave  in  the  direction  of 
its  length,  as  in  other  specimens  that  have  been  described.  Its  length  is 
three  inches.  Our  specimen  thus  compares  with  others  in  the  length  of  tbe 
grinding  surface  of  the  molars : 

The  Clyde  specimen 2.7}^  inches. 

TheKashport  specimen 2.6  " 

The  Memphis  specimen 3.1         " 

The  Hinneapolis  specimen 3.0         " 

Prof.  A,  J.  Allen  regards  the  Caatoroides  so  constituting  the  type  of  a  dis- 
tinct and  hitherto  unrecognized  family  {Gtttoroidida]  and  separates  it  entirely 
from  the  C(uti»ida.  In  the  same  group  be  inclines  to  include  the  Amblyrhiza 
and  Loromylus,  described  by  Prof.  Cope,  from  the  bone  caverns  of  AnguiJla 
Island,  West  Indies.  This  rodent,  he  says,  "presents  a  singular  combina- 
tion of  characters,  allying  it,  on  the  one  hand,  to  the  beaver,  and  on  the 
other,  to  the  chinchillas  and  viscaclias,  and  also  to  the  muskrat,  but  which  at 
the  same  time  separate  it  widely  from  either  group." 
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)HIOENSIS,  Foster. 


A.  View  of  the  fowrth  Molar  froTti  below. 

B.  Side  view  of  the  fowrth  Molar. 

C.  Section  of  the  left  Incisor. 

J).  Grinding  surface  of  the  Molars. 
E.  The  Uft  Ra.mus. 
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Minnesota,  and  published  by  the  Slate  Horticultural  Society  in  1875. 

5.  Circular  No.  2.  Relating  to  Botany,  and  giving  general  directions  for 
collecting  information  on  thefora  of  the  State.     1876. 

6.  Circular  No.  3.  The  establishment  and  organization  of  thf  Museum. 
1877. 

7.  Circular  No.  4.  Relating  to  duplicates  in  the  Museum  and  to  ex- 
ehanges.     1878. 

8.  The  Bcildino  Stokes,  Limeh.  Clatb,  CEMBKTa,  Roofiko,  Flaooino. 
AND  Patino  Stoseb  OF  MINNESOTA.  A  Special  report  bg  N.  H.  Winchell. 
1880. 

9.  Circular  No.  5.  To  Builders  and  Quarrgmen.  Relating  to  the  col- 
lection of  two-inch  cubes  of  building  stones  for  physical  test*  of  strength,  and 

for  chtinical  exaHiinotlon,  and  samples  of  clay  and  brick  for  the  General  Mu- 
seum. ■  1880. 

10.  Circular  No.  6.  To  otrners  of  mills  and  unimproved  tcater  potters. 
Relating  to  the  Hydrology  and  traler-poiters  of  Minnesota.     1880. 
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The  University  of  Mis'Kesoia,  | 
Minneapolis,  Dec.  15,  1880.      ( 

To  the  President  of  the  University: 

Dkab  Sm. — It  gives  me  pleasure  to  preaeat  herewith  the  Ninth 
Annaal  Report  on  the  progress  of  the  Geological  and  Natural 
History  Surrey  of  the  State,  as  required  by  the  terms  of  the  law 
creating  the  same.  This  annual  report  has  been  curtailed  by  the 
preparation  of  the  first  volumes  of  the  finri  report,  and  some  of 
the  material  which  otherwise  would  find  place  here,  is  more  properly 
reserved  for  incorporation  in  the  final  report. 

Very  respectf  ally,  your  obedient  servant, 
N.  H.  WINCHELL, 
State  Geologist  and  Curator  of  the  General  Museum. 
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REPORT. 


1. 

SUMMARY  STATEMENT. 


During  tbe  year,  since  the  rendering  of  the  last  report,  consid- 
erable time  haa  been  spent  in  laboratory,  office  and  museum  work. 
The  cryBtalline  rocks  gathered  during  two  season?  o£  field  work  in 
the  northern  part  of  the  State,  including  the  Cupriferous  Series, 
the  Huronian,  and  the  light-colored  gniuiteB  presumed  to  belong 
to  the  Laurentian.  have  been  proTision^ly  urranged,  labeled,  regifh 
tered  and  prepared  for  final  examination.  Abont  300  thin  see- 
tions  have  been  made  for  microeeopic  examination,  and  about  one 
hundred,  embracing  the  coast  series  along  the  north  shore  of  Lake 
Superior,  have  been  subjected  to  preliminary  study. 

In  Palteontology  considerable  prepress  has  been  made  in  the 
determination  of  the  brachiopoda  of  the  Trenton  and  Hudson  river 
formations,  resulting  in  the  identification  of — 

Seven  species  of  Lingula,  of  which  two  ore  sapposed  to  be  new; 
one  species  of  Dincina;  three  species  oi  Crania,  of  which  one  is 
new:  fifteen  species  of  Orthis,  of  which  eight  are  probably  new; 
three  species  of  Strophotnena,  including  one  new  species,  and  three 
of  Hemipronites.  Of  these  drawings  have  been  made  preparatory 
to  finai  publication. 

In  the  Museum  important  changes  and  improvements  have  been 
made.  The  central  portion  of  the  south  room,  devoted  to  geology 
and  mineralogy,  has  been  filled  by  the  construction  of  a  lai^  up- 
right cose  in  which  are  to  be  placed  the  minerals,  rocks  and  fossils 
of  Minnesota,  as  fast  as  they  are  turned  over  tor  exhibiton  by  the 
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survey;  and  already  a  fair  representation  of  them  has  been  placed 
on  the  shelves;  and  the  contents  of  all  the  cases  have  been  inven- 
toried. In  the  north  room  additions  have  been  made  to  the  stuffed 
mammals  and  birds,  and  to  the  fishes  and  invertebrates,  from  va- 
rious sources,  and  eapecially  from  the  United  States  Fish  Gommin- 
sion. 

At  the  spring  meeting  of  the  Board  of  Regents  a  communica- 
tion from  the  St.  Paul  Chamber  of  Commerce,  relating  to  the 
building  stones,  clays  and  limes  of  Minnesota,  was  referred  to  the 
State  Geologist,  with  instructions  to  specially  investigate  and  re- 
port as  soon  as  possible  on  the  same,  respecting  their  quality,  ex- 
tent and  accessibility.  Such  an  investigation  was  at  once  begun, 
and  is  still  going  forward  ;  but  a  preliminary  report  on  the  same, 
answering  immediate  demands,  was  made  to  the  President  of  the 
Board  of  K«geats  some  months  ago,  which  by  his  direction  has 
been  printed  as  a  separate  and  special  document.  At  the  same 
time  a  general  circular  was  issued,  addressed  to  builders  and  quar- 
jy-men,  calling  attention  to  the  matter,  and  asking  coK>penttioD  in 
procuring  the  necessary  samples  of  rock  for  examination. 

Another  circular  to  oumers  of  Mills  and  unimproved  Water-Pmc- 
tri,  was  iaeued,  intended  to  facilitate  the  collection  of  information 
on  the  hydrology  and  water-powers  of  the  State,  for  the  purpose 
of  fully  presenting  this  important  branch  of  the  internal  resources 
of  Minnesota  in  a  creditable  form,  with  tables  and  descriptions,  in 
some  part  of  the  final  report. 

At  the  presefat  time  progress  has  been  made  on  two  volumes  oi 
a  final  report,  and  one  of  them  wilt  be  offered  to  the  Regents  du- 
ring the  present  winter.  Suitable  legislation  should  be  had  con- 
cerning its  publication,  by  the  biennial  session  of  1881. 

In  regard  to  the  field-work  of  the  survey,  this  has  been  prose- 
cuted constantly  during  the  wonting  season  by  Mr.  Warren  Up- 
ham,  who  has  been  engaged  in  the  southwestern  portion  of  the 
State  mainly,  and  has  resulted  in  many  valuable  and  very  interests 
ing  facts  relating  to  the  drift  deposits  and  the  economical  geology 
of  that  part  of  the  State. 

During  the  summer  and  autumn  Mr.  C.  M.  Terry  has  been  en- 
gaged in  an  examination  of  the  "Lake  Region"  in  the  north-cen- 
ta«l  part  of  the  State  vrith  specif  reference  to  the  hydrology  of 
the  same  and  the  distribution  of  forest  trees,  and  later  he  has  been 
engaged  gathering  information  concerning  the  water-powers  of 
the  entire  State,  in  accordance  with  the  circular  already  men- 
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tioned.  During  the  fore-part  of  the  year  he  was  engaged  in  the 
preparation  of  microscopic  thin-sectiona,  and  on  work  connected 
with  the  Museum. 

Some  supplementar;  field-work  hae  been  done  by  the  writer  in 
the  southern  part  of  the  State,  with  a  view  to  settle  some  geologi- 
cal doubts  respecting  localities  that  had  already  been  examined ; 
and  at  the  same  time  large  additions  were  made  to  the  collections 
of  fossils  from  the  Hudson  River  and  Trenton  formations. 

Drawings  have  been  made  of  maps  and  fossils  in  the  laboratory 
of  the  surrey,  by  Mr.  C.  L.  Herriek,  who  has  also  acted  as  general 
laboratory  and  moseum  assistant. 

Thanks  are  dne  to  Tarious  indiyiduals  who  have  rendered  aid  in 
carrying  forward  the  field  work,  or  have  presented  specimens  to  the 
musenm,  or  have  given  information  desired,  among  whom  it  is  just 
that  the  following  should  be  mentioned:  Mr.  0.  E,  Gurison,  of 
St.  Cloud,  who  has  contributed  various  manuscripts  and  maps  con- 
cerning the  geology  of  Steams  county  and  the  upper  Mismissippi; 
Mathan  Butler,  of  Minneapolis,  who  has  given  information  of 
various  interesting  wells  sunk  i^i  the  northwestern  part  of  the 
State;  G.  E.  Whelpley  and  W.  E.  Swan,  for  information  of  the 
same  character  from  artesian  welts  in  the  state  ;  T.  M.  Young,  for 
written  accounts  of  glacial  formations  and  morainic  deposits  in 
the  upper  portions  of  the  Mississippi  valley;  Dr.  D.  F.  Powell,  B. 
A.  Man.  and  others  of  Lanesboro,  for  relics  and  information 
concerning  the  pre-historic  mounds  lately  opened  near  that  city; 
and  to  the  old  Winnebago  chief  Winnosheik  of  Trempelean,  Wis- 
consin, for  an  interesting  tradition  prevalent  among  the  Winneba- 
goes  concerning  the  mounds  near  Lanesboro;  Mr.  B.  Juni,  of  Mew 
Ulm,  and  Thomas  S.  Roberts  and  H.  Y.  Winchell,  of  Minneapolis 
for  specimens  for  the  zoological  department  of  the  museum;  the 
United  States  Fish  Commission,  per  Prof.  S.  F.  Baird,  for  a  set 
(No.  46)  of  the  Atlantic  coast  and  other  fishes,  and  a  set  (Xo.  37) 
of  invertebrates,  prepared  by  the  commission;  Henry  Mayhew,  of 
Grand  Marais,  for  specimens  from  the  northern  part  of  the  state. 
The  survey  is  under  obligations  to  the  officers  of  the  following 
railroad  companies  for  free  transportation  for  parties  engaged  in 
the  field  work  during  the  year,  viz:  The  St.  Paul,  Minneapolis  & 
Manitoba,  the  St.  Paul  &  Duluth,  the  Northern  Pacific,  the  Minne- 
apolis &  St.  Louis,  the  Winona  &  St.  Peter. 
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II. 
PRELIMINAY  LIST  OF  ROCKS. 


The  following  field  aad  preliminary  descriptions  of  the  rock 
samples  of  the  crystalline  formations  in  the  northern  port  of  the 
state,  with  their  accompanying  localities,  will  not  only  furnish  a 
running,  brief  commentary  on  the  geology  of  the  country,  and 
show  the  progress  of  the  field  work  there,  but  will  serve  also  as  a 
reference  guide  in  the  future  investigation  of  their  mineral  and 
chemical  characters,  as  well  as  in  the  final  description  of  the  geol- 
(^y  of  the  region.  The  descriptions  pertain  mainly  to  the  mac- 
roscopical  characten  of  the  rock,  as  they  appear  in  the  field,  al- 
though most  of  the  crystalline  parts  of  the  Cupriferous  serie» 
have  also  been  subjected  to  a  preliminiary  microscopic  examina- 
tion by  means  of  polarized  light  in  thin  sections.  In  the  field- 
notes  made  respecting  these  specimens,  are  full  accounts,  with 
sketches,  showing  their  geological  relationships,  which  are  intend- 
ed for  the  final  report  on  that  part  of  the  State,  when  the  field- 
work  shall  have  been  completed. 

The  specimens  here  described  have  been  permanently  numbered 
with  a  bru8h,'with  blue  ahelluc  and  alcohol,  to  distinguish  them  from 
the  serial  numbers  of  the  University  Museum,  which  are  in  red 
shellac  and  alcohol  ;  and  as  they  will  always  remain  at  the  Uni- 
versity for  study  and  comparison,  their  value  will  be  greatly  en- 
hanced if  they  receive  only  this  incomplete  serial  description.  To 
this  list  will  be  added  other  numbers,  as  the  work  progresses,  and 
finally  a  set  representing  the  typical  rocks  will  be  chosen  for 
exchange  with  other  museums. 

The  rock  samples  here  numbered  and  described  were  collected 
in  the  field  by  the  writer,  in  1878,  though  sometimes  accompanied 
and  aided  by  other  members  of  the  survey  The  collec- 
tions of  Messrs  Hall  and  [Jpham,  of  the  crystalline  rocks  of  the 
State,  have  not  been  tabulated  nor  examined  sufficiently  for  re~ 
port. 
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From  Duluih  to  Pigeon  River. 

1.  Nw^  aec.  34,  near  Daluth,  "Rice  Point  Qranite"  and  its  Tarinr 
tions:  gray,  hard,  appearing  like  massive  tabradorite,J>ut  also  con- 
tainx  mi^netite  and  augite,  as  essentials,  with  accidental  quanti- 
ties of  epidote  and  a  chloritic  mineral  tliat  probably  results  from 
change. 

1.  A.  Prom  the  same  rock,  but  further  N,  E.,  being  from  the 
hill  in  the  suburbs  of  Duluth,  (intersection  of  5th  Arenue  £.  and 
7th  Street),  taken  because  of  a  change  there  introduced  in  the 
formation. 

1.  B.  Red  rock,  associated  with  Xo.  1,  Duluth,  consists  es- 
sentally  of  orthoclase,  hornblende  and  quartz. 

1.  C.  Magnetited  condition  of  No.  1,  from  the  iron  mine, 
Duluth. 

1.  D.  Globular-weathering  masses,  appearing  like  a  conglom- 
erate, from  No.  1,  at  a  point  about  half  way  between  the  depot  and 
Newson's  quarry,  Duluth. 

1.  E.     Kodule  from  1  D.,  same  as  No.  1. 

2.  A  finer.^:rained  rock,  of  the  same  general  character  as  No. 
1  A.,  and  running  in  the  form  of  a  dyke,  N.  30  '  W.  and  separate 
ing  No.  1  A.  from  No.  8. 

3.  Compact,  brown,  or  brownish  red,  heavy,  with  spots  and 
specks  of  dark  green.  This  spreads  wider  and  is  to  be  seen  at 
other  points  back  of  Duluth,  yet  appears  rather  to  be  in  patches, 
or  in  veins  in  other  rock.  At  Newson's  quarry  a  similar  red  rock 
penetrates  the  (fray  rock  in  seams,  and  occupies  a  larger  area  in  the 
lower  part  of  the  quarry.' 

4.  A  light  colored,  weathered,  fine-grained  rock,  having  specks 
of  green  and  red,  a  cementing  material  for  rounded  masses  of  No. 
1,  showing  sometimes  a  stratification  dipping  S.  E.  at  an  angle  of 
perhaps  10  degrees:  near  the  depot.  This  rock  where  stratified, 
and  nearly  free  from  masses  of  No.  1,  has  been  quarried  for  rough 
walls. 

4.  A.  Rock  like  No.  4,  but  coarser  and  more  crystalline,  that 
weathers  out,  in  romided  masses,  as  if  a  conglomerate,  from  No.  4. 

5.  Occurs  at  the  St.  Paul  &  Duluth  depot,  about  20  rods  from 
No.  4  A,  It  is  a  coarser  form  of  No.  1,  with  more  magnenite,  and 
occasional  grains  of  quartz,  and  some  that  in  thin  section  seem  to 
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be  orthoclase.  Thie  rock  probably  resulted  from  the  complete  fu- 
sion of  the  sedimentary  beds  and  this  mixtare'with  the  molten 
rock  passing  over  and  through  them,  as  it  contains  some  of  the 
ingredients  o^both. 

6.  Dark  green,  heavy,  homogeneous  rock,  coarsely  crystalline, 
near  the  Bay  in  front  of  the  Clark  House,  Duluth  ;  immediately 
adjoining  No.  43,  and  apptu-antly  overlain  by  it ;  a  wide  dyke ; 
west  of  Minnesota  Point.  Coarsely  crystalline;  consists  essentially 
of  a  triclinic  feldspar,  augite,  magnetite  and  chlorite  (or  viridite). 

6.  A.  A  dark-green  rock  finer  in  texture  than  No.  6.  An  ex- 
tensive outcrop  occurs  beside  the  R.  R.  at  Duluth,  probable  equiva- 
lent of  43. 

6.  B.     Almost  identical  with  6  A,  Duluth. 

6.  C.  Fine,  dark-green  rock,  quite  amygdaloidat  and  porphyr- 
itic,  Duluth,  foot  of  Lake  avenue.  The  amygdules  are  probably 
zeolitic,  appearing  radiated  like  laumontite.  The  red  spota  are 
stained  by  ferrite,  and  seem  to  be  in  the  form  of  imperfect  felsite. 

7.  Brownish-red  rock,  fine-grained,  allied  to  the  "red  granite"  of" 
No.  1  B,  and  No.  3  ;  belongs  to  the  metamorphic  series.  Between 
2d  and  3d,  Avenues,  close  to  the  water;  underlies  immediately  No. 
7  A :  probably  equivalent  to  No.  42,  dip  E.  18  * . 

7.  A.  Nearly  black,  amygdaloidal,  metamorphic,  a  short  dis- 
tance from  No.  7;  has  green  mineral  in  cavities. 

7.  B.  Brown,  porous  rock,  filled  with  concretion^  and  amyg- 
dules ;  wrought  in  the  alley  between  1st  and  Superior  streets,  and 
4th  and  5th  avenues,  East. 

7.  C.  Coarse  and  dark-colored,  separated  from  7  A,  by  a  joint ; 
a  dyke ;  equivalent  of  No.  47;  roughly  in  line  of  bearing  with  No. 
6. 

7.  BC.     Contact  rock  between  7  B  and  7  C. 

7.  D.  From  the  dyke  running  toward  Minnesota  point;  fine- 
grained; 6  ft.  wide:  has  been  reduced  by  quarrying. 

8.  Dark-colored,  fine-grained,  ground-mass  carrjrin^g  indistinct 
feldspar  crystals  porphyritically  ;  separated  near  the  wall  of  eon- 
tact  of  No.  6. 

8  A.  Inclusion  in  No.  8;  very  fine-grained,  gray  rock:  in  thin 
section  shows  very  fine  crystals  of  a  red  feldspar,  probably  ortho- 
clase,  tike  the  red  feldspar  in  8  B  and  8  C;  but  mainly  an  amor- 
phous felsitic  mass  with  many  inclusions. 
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8  B.  Shows  the  fiesh-red  colur  of  the  feldspar  crystals,  which 
bare  the  outward  character  of  ortboclase,  the  groundmaBB  being 
made  up  of  changed  feldspar,  magnetite,  haematite,  chlorite  and 
other  minute  gnans;  plainly  a  rock  resulting  from  metamorpbism 
of  sedimentary  beds. 

8  C.  From  a  dike  in  No.  8,  or  -what  has  the  aspect  of  a 
dike,  hut  having  the  characters  of  No.  8,  both  Apparent  and  micro- 
Bcopic. 

9.  Amygdaloidal,  porphyritic,  metamorphic. 

10.  Reddish  amygdaloid,  but  has  cavities  lined  witb  green 
crystals  like  epidote,  lies  over  No.  11. 

11.  Finely  porphyritic  and  amygdaloidal;  dark  green,  with 
flesh-red  feldspar  crystals;  east  of  the  elevator, 

11  A.  From  a  vein  running  in  11;  nearly  epidotic;  but  some- 
times also  with  a  little  quartz. 

(No.  11  is  mainly  a  massive  homogeneous  rock,  but  in  som 
places  finely  jointed,  so  that  under  the  weather  it  parts  into 
numerous  angular  blocks.  In  it  are  veins  (near  its  eastern  ex- 
tension) that  seem  to  cause  a  greater  abundance  of  the  red  feld- 
spar crystals  in  the  mass  of  rock  adjoining  on  either  side;  and  also 
in  the  veins  themselves  are  sometimes,  besides  the  green  rock  ma- 
terial, a  white  quartz,  and  a  red  quartzyte  or  jasper  that  has  some- 
what the  appearance  of  the  red  feldspai-  crystals.) 

11  B.  From  No.  11,  Taken  from  a  geodic  cluster  of  various 
minerals  mainly  laumontite.  This  cluster  is  14  feet  long  and  T 
broad.  There  are  others  larger.  No.  11  extends  along  the  shore 
about  800  feet. 

12.  Finely  jointed,  amygdaloidal,  red,  metamorphic  shale,  con- 
taining various  minerals  in  nodules  and  lining  cavities,  extending 
4d  paces  along  the  shore,  east  of  No.  11. 

12  A.     White  nodule  from  No.  12. 

13.  Semi^crystalline,  hardened  red  shale,  with  a  feldspathic 
base,  breaking  concboidally.  On  weathering  it  shows  a  laminated 
or  slaty  structure  dipping  E.  15°.  In  other  places  it  is  a  lumpy 
amygdaloid  with  epidotic  spots  and  veinings;  54  paces. 

13  A,  A  more  homogeneous  layer  of  No.  13  overlying  13.  It 
is  slightly  amygdaloidal  and  porphyritic:  has  a  brown  color  and 
close  tough  texture.  * 

13  B.  Is  a  still  more  aluminous  layer  of  No.  13;  has  a  fragile 
almost  fissile  structure,  and  a  green  color.     It  is  also  amygdaloidal. 

14.  A  dyke,  breaking  through  No.  13,  running  W,  10°  N. 
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Id.  From  adyke  15  feet  wide,  runoing  N.  26°  W.  accomp&nied 
by  aome  fine  pyrite  and  some  calcite. 

15  A.     From  the  vest  side  of  this  dyke. 

16.  Modification  uf  13  and  13  A,  extending,  (next  east  of  the 
brewery)  125  feet. 

IT.  Metamorphosed  brown  sandrock,  having  a  dip. 43°  E;  slaty 
when  weathered;  extends  20  feet. 

18.  Firm,  nistj-green  rock,  finely  amygdaloidal  and  compact, 
in  places  appearing  massive  or  with  remote  joints,  and  in  others 
being  weathered  so  as  to  crumble  coarsely  like  a  hardened  lamin- 
ated shale  ;  over  this  comes  down  a  little  creek,  extends  nearly  in- 
to the  bite  of  the  next  little  bay,  perhaps  300  feet,  and  before  it  is 
discontinued  it  becomes  more  broken  and  amygdaloidal,  the  change 
coming  on  imperceptibly.     The  dip  at  the  last  is  26  °  £. 

18.  A.  From  laminatonis  of  light-green  mineral  in  No.  18, 
embracing  calcite  and  a  waxy,  honey-yellow,  garnet.  In  the  cal- 
cite are  needles  of  apatite  and  in  the  garnet  is  actinolite. 

19.  Rock  similar  to  No.  13  A.,  fine-grained,  light,  reddish- 
brown  rock,  compact,  scare  ely  amygdaloidal,  weathering  ont  in 
small,  angular,  blocks,  as  if  it  had  been  a  shale.  It  has  scattered 
green,  amygdules  and  some  red  feldspar  crystals.  This  suddenly 
replaceM  No.  18  on  the  east  and  extends  about  300  feet. 

19.  A.  From  a  large  concretion  of  green  mineral  and  calcite 
in  No.  19. 

20.  A  tougher  condition  of  No.  19;  harsh,  porous  and  amyg- 
daloidal. Embraces  angular  masses  of  No.  21.  nud  extends  about 
40  feet. 

20.  A.     Fine,  shuly  mass,  embraced  in  No.  20. 

21.  Laminated,  fine-grained,  jointed,  metamorpbic  shale,  ex- 
tends perhaps  15  feet,  overlying  No.  20. 

32.  A  fine,  green  amygdaloid,  very  much  like  No.  18,  overlying 
No.  21.  This  extends  to  the  prominent  dyke  that  rises  about  12  ft. 
perpendicularly  from  the  lake  water,  forming  a  small  promontory 
— perhaps  300  feet.  In  this  are  crumbling  spots  of  green  rock 
containing  hard  lumps  that  are  more  silicious  and  crystalline. 
These  lumps  sometimes  embrace  chert,  or  light  jasper,  garnet  and 
calcite. 

23.  Is  from  the  dyke  above  mentioned;  fine  doleryte,  basaltic, 

15  feet  wide,  and  has  a  direction  N.  9. 

24.  Reddish-brown  sandrock,  metamorphosed,  but  baring  thin 
laminations  of  green.  It  is  also  coarser  than  No.  17,  dip.  £.  35  °  — 
40  «.     Extends  50  feet. 
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25.  Fragile,  green  amygdaloid,  weathering  and  rusting  to  a 
brownish-red:  seen  ahout  twenty  feet  to  the  east  of  No.  24,  extend- 
ing 100  feet.  Then  comes  a  rocky  point  near  the  fishery,  which 
is^ — 

26.  Somewhat  porphyritic,  with  flesh-red  feldspar  crystals,  fine* 
grained,  compact,  weathering  green,  having  seams  of  white  quartz 
running  at  angles  with  each  other. 

27.  Prom  a  dyke  in  No.  26  which  exhibits  a  curious  change  of 
direction.  It  leaves  the  lake  in  a  direction  E.  and  W.,  but  on  as- 
cending the  rocky  bluif  it  immediately  changes  to  W.  15  "^  S,  It 
runs  so  about  eight  feet  and  shifts  agaiu  to  nearly  W.  The  rock 
on  the  east  side  of  the  dyke  is  the  Same  as  No.  26,  and  extends  to 
the  point  on  which  is  a  fishery.     This  is  number 

28.  Heavy  bedded,  bluish-gray,  becoming  brownish,  compact, 
finegrained,  very  firm,  much  like  the  rock  of  Ko.  27,  extending 
with  evident  bedded  dip  about  300  feet,  passing  under  No.  2&. 

29.  Crumbling,  lighUbrown  rock,  containing  much  of  the 
green  mineral  so  common  in  these  beds,  in  the  veinings  and  inters 
laminations.  Its  upper  portion  is  of  a  light^een  color:  a  meta- 
morphic  shale,  about  5  feet  thick,  dip  10°  E. 

30.  Red  or  brown,  metamorphic  shale  or  sandstone,  dipping 
12iJ°  N.  30°  E,:  varying  from  a  brownish  siliceous  sandrock  to  one 
that  is  greenish  and  aluminous:  uncontormiible  bedding  in  this  rock, 
probably  shows  different  e|K>chH  separated  by  igne6us  outflow  ia 
otherplaces:  one  part  dips  but  little  and  the  other  dips  E.  30° 
S.,  and  in  amount  about  15  or  20  degrees.  Extends  400  feet  to 
Mailman's  dyke. 

31.  Fine  doleryte,  from  Mallmim's  dyke. 

32.  Hard,  black,  much  like  the  rock  of  No.  31,  but  passes  up- 
wardly but  few  feet  (3  or  4),  gradually  losing  its  firm  and  hard  na- 
ture, as  well  as  its  color,  and  becoming  in  the  bluff  (which  is  25 
feet  high)  reddish  brown,  and  breaking  into  angular  blocks  of  a 
few  inches  under  the  action  of  the  weather;  taken  near  the  water 
on  the  east  side  of  a  fault. 

32.  A.  Taken  from  32.  near  the  top  of  of  the  bluff,  a  weathered 
modification  of  No.  32. 

32.  B.     From  green  seams  in  No.  32. 

33.  About  60  feet  east  of  No.  32  is  another  fault,  and  this 
number  is  from  the  amygdaloid  on  the  east  of  this  fault  near  the 
lake  level;  massive  and  roughly  concretionary. 
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33  A.  No.  33  is  less  amygdaloidal,  more  dense  and  firm  in  the 
upper  part,  with  patches  of  fragile,  closely  jointed  rock,  like  an 
indurated  shale,  from  which  this  is  taken. 

33.  B.  Taken  from  the  stratigraphical  equivalent,  in  the  exten- 
sion of  No.  33  A,  showing  a  changed  condition,  but  one  which  is 
gradual  in  the  nature  of  the  metamorphism,  dip  remaining  easterly 
13°-^!xtent  30  feet. 

34.  Overlies  No.  33  B,  and  is  about  15  ft.  thick,  the  two  pass- 
ing gradually  into  each  other  accroaa  the  bedding.  This  is  abeau- 
tifully  specked  and  spotted  amygdaloid,  some  of  the  concretions 
being  white,  (^  to  1  in.  across),  some  red  (^  to  \  in.)  some  green 
(^  in.)  and  some  with  a  red  center  enclosed  in  a  green  coating. 

34.  A.    Concretions  from  34. 

35.  Is  about  12  ft.  thick,  a  hard  reddish,  imperfect  amygdaloid, 
with  numerous  natural  seams,  which  serve  as  joints  and  cause  it 
to  part  under  the  hammer  in  small  pieces  without  showing  a  fresh 
fracture,  just  west  of  the  mouth  of  Kin-i-chi-ga-quag  creek  (or 
Chester  creek,  as  it  is  generally  named  now). 

36.  Like  No.  18,  is  a  hard  gray,  or  brownish-gray,  fine-grained, 
tough  rock,  very  much  like  some  igneous  rock  ;  yet  its  extent,  dip 
and  position  mark  it  a  sedimentary  rock,  though  it  shows  no  sedi- 
mentary bedding:  at  the  mouth  of  Eiuichigaquag  creek,  on  the 
west  side. 

36.  A.  Amygdaloidal  porous  condition  of  No.  36,  having  an 
abundant  green  material,  from  the  upper  portion  of  the  bluff  im- 
mediately west  of  the  creek.  This  porous  condition  occurs  in  lay- 
ers or  belts  in  No.  36. 

37.  Rock  immediately  east  of  the  creek,  standing  up  like  a 
dyke,  compact,  fine,  basaltiform  with  some  large  geodic  concre- 
tions ;  continuing  E.  to  a  real  dyke  18  feet  wide  ;  pyritiferous,  ex- 
tending about  4  rods. 

37.  A.     Calcite  from  a  concretion  in  No.  87. 

38.  From  the  large  dyke,  18  feet  wide,  running  N.  and  S ; 
greenbh-black,  finely  crystalline:  hangs  to  the  E.  10°.  The  rock 
to  the  west  of  this  dyke  has  assumed  the  character  of  a  dyke-rock, 
very  much;  but  this  is  not  the  case  on  the  east  side. 

39.  Rock  next  east  of  the  above  dyke;  a  breccia,  with  pyrites; 
extent  36  ft.  dip  E. 

40.  Hard  firm  beds  next  east;  like  the  dyke-like  beds  on  the 
west  of  the  dyke;  having  at  first  a  general  dip  E.,  but  showing  no 
regularity  of  dip;  having  rather  contorted  and  confused  bedding  as 
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if  the  layers  of  the  sedunentary  strata  had  been  plastic  and  molded 
on  themselves.  These  characters  on  the  face  of  the  rock  are 
brought  ont  particularly  on  the  smoothed  and  glaciated  surfaces. 
Sometimes  there  appears  also  a  rude  concretionary  structure  per- 
Tating  the  mass.  The  layers  of  contt^ted  bedding  are  thin,  or 
about  i  to  1  in.  thick,  and  are  sometimes  perpendicnlar  and  trans- 
verae,  and  sometimes  project  irregularly  above  each  other  as  they 
are  hard  or  soft.  On  freshly  broken  surfaces  this  contorted  bed- 
ding is  evinced  by  bands  of  different  color,  some  of  them  being 
greenish,  and  some  brovn,  and  some  nearly  black:  but  yet  the 
whole  is  fine-grained,  compact,  and  of  a  dark  gray  color,  or  bluish- 
gray  color.  This  changes  in  ite  passage  across  a  little  bay,  and  be- 
comes like  No.  36,  when  it  is  suddenly  replaced  by  number 

41.  A  heavy-dark,  green,  or  grayish-green,  basaltiform  rock ; 
crystalline,  neither  porphyritic  nor  amygdaloidal,  nor  showing  se- 
dimentary structure.  The  columns  tip  about  ten  degrees  &om 
perpendicular  toward  the  N.  E.;  varies  from  a  texture  like  that  of 
No.  7  C.  to  a  finer  grain,  much  like  4S ;  an  igneous  overflow  ;  ad- 
joins No.  50  on  the  E. 

42.  Ileddish-brown,  metamorpbic  rock,  rising  above  the  clay 
like  a  "aheepa'  back,"  four  blocks  north  of  the  depot  at  Duluth; 
imperfectly  porphyritic  with  fine  crystals  of  flesh-red  feldspar, 
and  of  a  dark  green  mineral;  probably  the  same  as  No.  7.  There 
is  a  succession  of  such  exposures  on  the  hillslope  running  through 
Duluth  northeastwardly. 

42.  A,     A  concretion  from  No.  42. 

43.  Compact,  bluish,  firm  beds  in  outcrop  on  the  hillslope 
back  from  the  base  of  Minnesota  Point,  in  front  of  the  engine 
house.  Width  and  form  of  this  rock  cannot  be  made  out.  Fin^ 
ly  porphyritic  with  red  feldspar  in  some  places  and  is  coarsely 
jointed.  Apparently  has  a  dip  E.  30  ^  N.  Surface  rounded  over 
by  glociation;  the  equivalent  of  6  A. 

43,  A.     Porph3'ritic  portion  of  48. 

44,  From  top  of  the  hill  at  the  head  of  Ist  Avenue  E.,  very 
iine-gruned,  black,  like  diabase. 

44. 1  Hard,  compact,  fine-drained,  from  top  of  Kinichigaquag^ 
Falls;  the  extension  of  No.  43. 

46.  From  a  ravine,  between  No.  44  and  No.  1  B,  on  the  hill; 
brownish-red,  fine-grained  rock;   a  form  of  No.  3  and  1  B, 

45. 1  Foot  of  Chester  Creek  Falls,  similar  to  No.  44  ',  but  having 
.a  little  scattered  mottling  of  red,  as  of  feldspar. 
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46.  Bedimeatary  rock  metamorphosed  io  red  porphyry;  from 
Brewery  Creek,  Dulath. 

46.  ^  From  the  Weller  farm  road,  back  of  Duluth,  south  side 
of  the  hill,  showing  the  contact  between  the  "red  granite"  of  No, 
1  B.,  of  the  metamorphic  aeries,  uid  No.  1  of  the  igneous  rocks. 

47.  From  an  outcrop  of  No.  7  C,  on  Superior  st. 

48.  From  2nd  st.,  cor.  4th  Av.  E.,  close-grained  and  firm,  hard, 
bluish-gray  to  black,  heavy,  not  visibly  amygdaloidal,  but  finely 
porphyritic.  This  runs  from  in  front  of  C.  Markell's  house,  where 
it  can  be  seeu  in  outcrop,  under  the  Hayes  block.  It  is  a  large 
member,  at  least  150  feet  thick,  and  falls  in  the  unseen  interval 
between  Nos.  7  and  6  C. 

49.  Igneous  rock,  which  seems  to  consist  principally  of  Labra- 
dorite,  augite  and  magnetite,  with  chlorite  and  ferrite  as  products 
of  change;  from  behind  the  M.  E.  Church,  between  2nd  and  3rd 
streets,  and  3rd  and  4tb  avenues  west.  Hand  to  hand  samples 
show  no  outward  difference  between  this  and  No.  7  C,  but  there 
seems  to  be  uo  way  to  atratigraghically  correlate,  or  unite  them, 
since  7  C  cannot  be  a  stratum  running  to  No.  49,  aa  it  would  go 
above  Nos.  7  and  43,  and  others.  Yet  49  iippeais  to  dip  to  No.  6, 
which  is  roughly  in  line  with  No.  7  0,  though  too  far  north. 

50.  Next  east  of  the  igneous  rock  of  No.  41;  an  amygdaloidal 
breccia,  with  cavities,  having  in  the  main  a  reddish-brown  color, 
but  associated  also  with  much  green.  This  at  first  is  so  broken, 
and  even  columnar  in  some  spots,  with  fine  basaltiform  columns, 
that  it  shows  no  dip,  but  further  on,  and  just  before  reaching  the 
next  point,  it  has  a  marked  dip  E.  10°  south,  in  amount  about  18 
degrees;  extent  about  150  feet. 

51.  From  a  point  the  next  one  beyond  the  breccia  of  No.  50;  a 
brownish  rock,  resembling  No.  7,  much  firmer  than  No.  50,  and 
lies  directly  over  it:  disintegrates  in  small,  angular  pieces,  accord- 
ing to  innumerable  weather-joints.  Sometimes  rises  12  feet  per- 
pendicularly from  the  water;  extent  about  200  feet. 

62.  Is  produced  by  a  gradual  transition  from  No.  51,  which  it 
overlies;  of  three  heavy  beds,  the  lower  hermetically  united  t»  No. 
51,  and  passing  into  it.  This  is  fine-grained,  almost  black,  heavy 
and  firm.  This  number  has  an  interesting  aspect.  Each  bed  is 
finely  and  closely  basaltiform,  the  basaltic  columns  being  rather 
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layers  running  W.  10'  N.,  and  E,  10°  S,,  from  an  inch  to  two 
inches  in  thickness,  in  a  poeiton  perpendicnlar  to  the  bedding. 
They  were  doubtless  produced  by  the  baking  effect  of  the  next 
which  comes  on  suddenly  sod  in  a  position  to  immediately  overlie 
52. 

53.  Coarsely  crystalline  igneous  rock,  resembling  Nos.  6  and  7 
C ;  basaltiform ;  an  overflow,  or  intercalated  bed  in  the  sedimentary 
rock;  oTerlies  No.  52. 

53.  A.  Decomposed  rock  of  No,  53,  of  a  dark  green  color 
and  velvety  feel;  mainly  cHloritie;  sometimes  lining  cavities  or 
coating  joints;  has  an  imperfect  fracture  like  that  across  botryoid- 
al  htematite;  hardness  2  or  3.5. 

63.  B.  A  part  of  No.  53,  containing  some  fieah-red  crystals, 
making  it  resemble  No.  5;  from  the  longest  rocky  point;  N.  W. 
J,  Sec.  24,  T.  60,  R.  14. 

54.  From  a  small  dyke  3}  feet  wide,  associated  with 
others  about  40  rods  E.  of  63  B.,  cutting  No.  58  in  a  direction  N. 
5°E.  Some  of  these  dykes  are  narrower,  and  change  their  direc- 
tion, and  sometimes  "pinch  out"  entirely.  Where  these  dykes 
cut  53  it  has  so  much  of  the  flesh-red  mineral  that  its  prevailing 
color  is  brownish-red,  and  has  been  wrought  for  constructing  the 
break-water  at  Duluth.  In  the  bite  of  another  bay  near  E.  Du- 
lath,  S.  E.  i.  Sec.  18,  is  another  finely  basaltic  narrow  dyke,  4  feet 
wide,  rtinning  across  No.  53,  the  columns  of  basaltic  structure  run- 
ning directly  across  from  side  to  aide,  perpendicularly  to  the  walls. 
No.  53  has  here  a  strong  resemblance  to  No.  6,  and  runs  under 

55.  Which  is  from  a  sedimentary  member  of  the  series  broken, 
ciated  and  baked,  dipping  N.  60^^  E,  in  the  bite  of  a  little  bay  at 
E.  Duluth,  continuing  ^  mile  (by  the  coast),  becoming  more  bro- 
ken, and  slightly  amygdaloidal.  at  the  last,  till  the  appearance  of 
another  bed  of  igneous  rock.  No.  55  is  reddish,  angularly  and 
finely  jointed,  sometimes  a  jaspery  rock. 

55  A.     Small  concretions  or  cavities  lined  with  quartz  in  No,  55. 

56.  FeiTugnious.  brecciated,  fine-grained,  siliceous,  fragile,  al- 
most fissile:  a  condition  of  No.  55. 

57.  Dark  and  heavy  rock  from  a  dyke,  catting  No.  56;  dyke  4 
ft,  wide,  running  N.  5°  E. 

57  A.  From  another  dyke  like  Nu.  57,  but  ten  feet  wide,  a  few 
feet  further  E.;  consistsng  of  a  lump  of  calcite  associated  with  a 
green  mineral  which  is  probably  some  form  of  chlorite,  or  deles- 
site,  resembling  the  green  mineral  of  No,  53  A,  result  of  change 
from  pyroxene  or  hornblende. 
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58.  The  red  rock  (No.  55)  continues  with  alight  changes,  rising 
perpendicularly,  sometimes  25  feet  High,  to  and  beyond  the  creek 
aomewhat  larger  than  Chester  creek,  and  about  80  rods  east  of 
Tiaher's  farm  house,  where  No.  58  appears  a  little  west  of  the  town 
line  between  ranges  13  and  14  on  the  lake  shore.  This  is  a  com- 
pact browuish-red  rock  with  crystals  of  flesh-red  feldspar,  15  rods. 
At  Tisher'a  creek  the  beds  are  conglomeritic,  standing  vertical,  the 
adjoining  portions  being  alightly  granitized. 

59.  An  amygdaloid  similar  to  No.  34;  small  outcrop  in  the 
shingle  of  the  beach,  baring  an  apparent  dip  W. 

60.  Reddish-brown,  finely  crystalline,  frequently  jointed,  hard- 
ly amydaloidal  orporphyrjtie;  from  a  little  rocky  point  rising  from 
the  water,  abreast  of  No.  59,  with  a  straggling  line  of  strike,  and 
a  ^harp  firm  outline  that  runs  nearly  north  inshore,  having  an  ap- 
parent dip  N.  From  this  point  as  the  rock  composing  it  bears  in- 
land, the  shore  becomes  continuously  rocky  and  high  round  the 
bay  immediately  west  of  London.  Further  east  this  rock  becomes 
amygdaloidal  in  patches,  and  coarsely  concretionary,  and  finally 
wholly  amygdaloidal  lu^Iy  with  white  calcite.  This  rock  further 
east  where  more  finely  broken  furnishes 

60  A.  Dog-tooth  crystals  of  calcite  which  occur  in  a  finely 
jointed  or  brecciated  condition  of  60  which  occurs  suddenly,  like  a 
dyke,  extending  up  and  down  across  the  face  of  the  blufT.  This 
breccia  is  about  twenty  feet  wide,  and  the  characters  of  60  return 
on  the  east  of  it. 

60  B.     Amygdaloid  just  west  of  the  breccia  containing  60  A. 

61.  Numbers  60  and  60  B  continue  to  within  six  rods  of  where 
the  blu£f  in  an  angular  massive  projection  overhangs  the  water, 
where  a  change  occurs,  showing  a  dip  in  definite  characters.  This 
dipping  rock  is  harah,  granular,  resembling  a  grit,  thinly  bedded, 
grayish,  weathering  reddish;  similar  to  No.  30;  dip  24°  N.  60°  E: 
two  feet  thick  in  one  lot  of  thin  beds;  metamorphic. 

62.  Returns  after  No.  61;  like  No.  60,  but  bedded  like  No.  61; 
metamorphic. 

63.  Overhanging  rock,  which  toward  the  east  becomes 
brecciated;  a  fine  purplish  amygdaloid;  metamorphic;  overlain  by 

64.  A  pyritiferous,  green  rock,  in  a  heavy  bed  three  feet  thick, 
which  also  shows  calcite  and  fluor,  and  overlies 

66.  Containing  large  calcite  nodules,  with  chalcopyrite;  evenly 
bedded;  many  jointed,  brownish-red,  forming  blui^  of  18-20  feet. 

64.  A.    Calcite,  fluorite,  and  bomite,  from  No.  64. 

65.  A.    Calcite,  &c„  from  No.  65. 
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66.  A  fine  amygdaloid;  a  modification  of,  though  probably 
overlying  No,  65, 

67.  Goafosed,  half-baked,  pudding-stone-like  rock,  fomiiug  the 
point  uest  west  of  the  larger  creek  that  com«a  through  London; 
rather  firm  and  of  a  reddish-brown  color;  amygdaloidal  mainly; 
appearing  as  if  a  siliceous  rock  in  masses  had  been  embraced  in  it,  and 
metamorphosed  with  it;  also  has  lumps  of  shale;  some  of  these 
weather  dark-green  and  some  purplish  red,  or  a  "fawn  color,"  and 
some  a  spotted,  dirty,  light  yellow;  in  it  also  are  nests  of  calcite 
accompanied  by  flnorite.  Across  the  point  runs  what  has  the  form 
and  manner  of  a  dyke,  6  feet  wide,  and  the  above  characters,  par- 
ticularly the  calcite-fluor  nests  are  found  in  it.  This  dyke  ia  of 
the  darker  colors  and  runs  N.  50°  W,  and  is  amygdaloid  itself, 
as  if  of  a  different  age  from  the  others.  It  is  perpendicularly 
bedded,  the  beds  running  in  the  direction  of  the  dyke,  but  is  less 
durable  than  the  rock  through  which  it  passes.  Ifo.  67  continues 
for  S5  or  40  rods,  and  is  subjected  to  great  upheaval  and  flexure. 

67.  A.  Lomp  of  calcite  and  fluor  from  the  dyke  (?)  jnst  de- 
scribed. 

68.  A  modified  condition  of  No.  67  where  it  has  been  upheaved 
and  flexed;  thin-bedded,  red  or  pinkish,  hard,  with  their  inters 
laminations  qf  a  tranducent  mineral  like  that  in  Noe.  139  and  140. 
From  near  London.  This  translucent  mineral  seems  to  be 
adularia. 

69.  Harsh,  rather  fine-grained,  crystalline  brown  rock,  forming 
the  point  next  east  of  the  mouth  of  the  creek,  not  more  than  6 
rods  from  it;  by  its  position  appparantly  overlying  the  last;  cut  by 
a  dyke,  N.  6=  E.,  3  feet  vride. 

69.  A.  On  east  the  of  this  dyke  this  rock  immediately  becomes 
coarsely  amygdaloidal,  with  calcite  and  a  dark  red  mineral  that  is 
not  quite  so  frail  as  laumontite,  nor  so  light  colored,  but  resembles 
it.  No.  69  returns,  making  the  coast,  cut  by  occasional  dykes,  or 
modified  and  interbedded  with  igneous  rock,  and  extends  half  way 
to  Lester  river.  Before  reaching  its  termination  it  is  cut  by  a  dyke 
6  feet  wide  which  forms  a  jutting  high  point  but  few  rods  we«t  of 
the  east  boundary  of  New  London.  This  causes  no  apparent 
change  in  the  formation;  but  at  the  next  high  rocky  point  the 
beds  are  contorted  and  bent  in  all  directions,  as  if  the  overlying 
rocks  had  been  thrust  f^ainst  and  upon  them  with  great  violence. 
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70.  The  rock  that  overliea  No.  69,  perhaps  the  equivalent  of 
fl4,  or  of  a  bed  like  it.  It  ia  a  firm  heavy  metamorphic  conglom- 
erate, and  causefl  a  prominent  point  or  break  in  the  direction  of 
the  shore  line.  This  contains  quartzjte  pebbles,  with  calcite  and 
pyrite  in  the  intereticee,  dip  E.  20*  N.;  on  the  W.  of  Lester  river. 

71.  One  of  the  beds  of  the  Hedimentary  formation ;  overlying 
l^o-  70:  line-grained,  greenbh  rock  having  a  reddish  color  along 
its  seams.  This  continues  bat  6  or  8  rods  itnd  disappeara  under 
the  beach,  and  nothing  appears  again  till  at  Lester  river. 

72.  Brecciated  granular  sandrock,  or  quartzjrte,  of  a  light- 
brown,  or  reddish  color,  homogeneous  and  thinly  bedded,  (or  was 
so),  at  the  mouth  of  Lester  (or  Passabika)  river.  The  omygdalot- 
dal  structure  does  not  pervade  the  sandrock,  but  it  pervades  the 
cement,  or  rock  that  fills  the  angular  openings  between  the  pieces 
of  the  breccia. 

79.  A.     Calcitic  amygdaloid,  the  cementing  material  of  72. 

73.  Rock  from  the  east  side,  at  the  mouth  of  Passabika  river. 
Fine-grained,  similar  to  No.  71,  crystalline,  non-amygdaloidal,  of  a 
dark  gray  color,  beconiing  brown  along  some  of  the  joints,  and  in 
some  large  areas;  Extent  1^  miles,  with  a  low  line  of  exposure; 
runs  under  No.  74. 

74.  Red  rock  next  east  of  No.  73,  extending  for  some  distance; 
rather  coarsely  granular,  changed  from  the  sedimentary  beds;  cat 
by  a  dyke  35  feet  wide  running  N.  10°  E:  afterwards  a  breccia, 
followed  by  a  rock  like  No.  71  again.  This  last  shades  through 
various  modifications  into  an  amygdaloid,  and  thus  continues  to  a 
point  where  some  mining  has  been  done  for  copper  S.  E.  ^  Sec.  34. 
T  51  N.  R  13  W. 

75.  Porous,  almost  spongy,  with  laumontitic  nmygdules;  from 
No.  74.  At  this  locality  there  has  been  an  unusual  disturbance  of 
the  beds,  all  of  them  being  converted  into  a  breccia,  yet  with 
enough  of  the  original  lamination  preserved  to  show  the  direction 
of  the  strike  and  dip.  The  layers  stand  nearly  vertical,  or  dip  at  a 
high  angle  to  the  north,  with  flexures,  the  strike  being  nearly  east 
and  west.  Colors  vary  from  a  light  flesh-color  to  a  brownish-red. 
The  latter  color  ia  amygdaloidal,  the  former  is  more  apt  to  be  brec- 
ciated merely,  or  evenly  bedded,  or  to  be  spongy  likethe  samples 
taken. 

76.  Directly  lying  on  No.  75;  resembles  No.  71;  interbedded 
with  No.  75;  contmningr  laumontite  amygdules,  and  nodules  of 
calcite  and  flnorite;  having  somewhat  a  trappous  aspect;  runs 
under — 
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77.  Which  is  the  rock  wrought  for  copper;  n  coarse  amygda- 
loid with  laumontite  and  calcite,  containing  some  <;opper. 

78.  Firm,  brownish-red,  crystalUne,  or  aub-crystalline,  like  some 
other  numbers,  forms  the  bite  of  Crystal  Bay.  often  bedded,  much 
jointed,  diaintegnLting  and  falling  in  large  loose  ma^sea,  weatlieriiig 
light  red  or  pinkish;  containing  nests  of  calcite  crystals,  showing 
perfect,  sometimes  double,  terminations;  these  iiLvta  are  sometimes 
18  inches  across,  but  generally  less  than  10.  The  crystals  are 
impacted  in  a  fine  red  clay  which,  with  the  crystals,  are  included  in 
the  cavities;  the  clay  is  lamiuated,  iind  may  huve  been  infiltrated 
from  above. 

78.  A.     Crystals  from  No.  TS. 

79.  Finely  crystalline,  of  a  brownish  color,  and  basaltifuriu  in 
jointing;  but  with  this  rock,  which  presents  many  characters  of 
interbedded  traprock,  are  seen  also  evidently  metamorj:ho:?cd  sedi- 
mentary rocks,  sometimes  aniygdaloidal  and  sometimes  close  and 
compact,  sometimes  highly  tilted  (generally  to  the  east  or  south- 
east), and  sometimes  nearly  horizontal;  sometimes  also  presenting 
a  false  cross  stratification,  or  false  bedding,  like  some  sand  rocks. 
Samples  represent  the  prevailing  variety  of  rock  along  the  coast 
from  No.  78  for  a  mile  or  more,  the  blufis  being  generally  low — 
3  to  10  feet — with  great  confusion.  With  the  various  scenes  of 
disturbance,  upheaval  and  contortion  along  here  it  is  impossible, 
with  the  various  metamorphic  effects,  and  the  mingling  of  true 
igneous  rock,  to  trace  consecutively  any  formation  but  a  few  rods. 

60.  Samples  of  prehoite  and  cupriferous  prehnite  from  the 
shaft  about  one  mile  up  French  river. 

81.  TrappouB  rock,  dark,  somewhat  amygdaloidal ;  amygdules 
dark,  or  of  the  color  of  the  rock.  This  rock  decomposes 
into  rounded  grains  or  amygdules,  becoming  lighter  colored.  This 
continues  to  form  the  bed  and  bluf^  of  the  creek  for  ^  mile  or 
more,  when  it  begins  to  show  light  amygdules  of  laumontite,  of 
which 

82  is  a  sample,  appearing  much  like  No.  81,  and  is  really 
only  a  variation  of  81.  The  same  rock  (81)  continues,  with  some 
variations,  to  the  mine  of  the  French  River  Mining  Company, 
where:the  road  from  Duluth  crosses  the  creek  (sec.  18).  At  this 
tninar^the  copper  occurs  native  in  the  rock  that  seems  to  run 
in  irregular  veins  and  crevices  in  the  rock  No.  81,  which  has  the 
appearance  of  being  an  igneous  rock.  The  ore  (No.  80)  consists  of 
a  gray-colored  radiated  prehnite,  in  cavities  and  veins  in  No.  81. 
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83.  Heavy  gray  rock  with  geodic  caritiea  lined  irith  preboite, 
also  having  laumontite. 

84.  Highly  amygdaloidal  rock  from  Ijj  miles  up  French  River. 
(Hall.) 

85.  A  coarse  loose  rock  easily  crumbling  under  the  hammer; 
yellowiah  white  concretions.     (Hall.) 

86.  Fine,  hard,  crystalline  rock  with  chalcedony  (?)  concretions 
about  two  miles  up  French  River.     (Hall.) 

87.  A  fine  dark  rock  with  no  bedded  srructure,  at  three  miles  up 
French  River.     (Hall.) 

88.  SW  J  Sec.  10,  on  the  lake  shore;  from  the  round  point 
which  bounds  Sucker  Bay  on  the  west.  Rock  similar  to  that  at 
French  River  forms  the  coast  for  about  \  mile,  having  a  low  out- 
crop. It  is  gray,  heavy,  amygdaloidal,  the  amygdules  being  of 
□early  the  same  color  as  the  body  of  the  rock,  but  in  some  patches 
amygdaloidal  with  a  flesh-red  mineral,  harder  and  darker  than  lau- 
montite, as  at  points  west  of  the  creek  crossiug  sees,  9  and  10, 
sometimes  thinly  bedded  and  disintegrating. 

89.  Just  east  of  this  creek  the  exposed  rock  becomes  heavUj 
bedded  and  darker.  Norwood  here  calls  it  a  dyke,  but  it  seems  to 
he  rather  one  of  the  heavy  massive  beds  of  igneous  overflow,  simi- 
lar to  those  of  Agate  Bay;  non-amygdaloidal,  rather  tine-grained,  but 
having  large  geodic  concretions  of  calcite,  with  an  interior  of  lau- 
montite. The  joints  are  lined  with  a  mineral  Norwood  styled 
heulandite.     See  Nob.  515  and  516. 

90.  From  the  east  point  of  Sucker  Bay,  a  massive,  heavy- 
bedded,  dark  rock,  sloping  up  from  the  water's  edge,  similar  to  N(». 
i  and  49;  continues  to  Knife  River;  also  forms  Enife  Islands. 

90.  A.  From  a  conspicuous  white  seam  or  vein  in  No.  90, 
which  strings  and  spUts  out  in  ascending  the  face  of  the  rock 
from  the  water;  spongy  and  apparently  siliceous,  but  too  soft  to  be 
of  quartz. 

90.  B.     Concretions  from  No.  90. 

91.  Rock  from  the  east  side  of  Knife  River,  passing  under  the 
rock  of  the  point  (No.  90) ;  with  amygdules  of  white  minerals,  some 
of  which  appear  to  be  quartz,  but  many  of  them  are  of  an  amor- 
phona  white  mineral  which  on  weathering  is  slippery.  This  white 
mineral  is  also  harder  in  seams  and  in  some  of  the  amygdules. 
(Same  as  No.  641.) 
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91.  A.  Represents  the  harder  amorphous  white  mineral,  but 
closely  mixed  with  the  soft. 

91.  B.  The  soft  white  mineral  which  Dr.  Owen  named  thalite, 
placed  by  Dana  under  saponite. 

91.  G.  Is  from  a  spongy  mass  from  near  the  center  of  a  large 
concretion  in  No.  91,  at  least  3  feet  in  diameter,  the  whole  con- 
cretion being  at  least  6  feet  through;  thiB  spongy  mass  is  largely 
made  up  of  laumontite,  and  in  some  places  it  is  maty.  There  are 
spots  in  this  rock  (No.  91)  which  show  clear  quartz  crystals,  form- 
ing the  nuclei  of  the  amygdules,  especially  where  the  concretions 
are  about  |  inch  or  an  inch  in  diameter,  with  the  amorphous  white 
mineral  surrounding  them;  cryst^Iized  in  these  concretions  are 
also  found  calcite  and  laumontite.  This  passage  from  quartz  (in 
the  centre)  through  amorphous  hard  mineral  (opal  P)  to  saponite 
suggests  a  posible  origin  for  agates;  viz:  the  dissolution  of  sapon- 
ite and  its  losing  A^l  O3  and  MgO,  leavin^the Si02  to crystalize in 
the  centre.  This  91  B  (tballte  of  Owen)  makes  the  main  material 
in  the  amygdules  of  the  amygdaloid  ^  mile,  east  of  Knife  River, 
and  as  they  are  soft  and  weather  out,  the  rock  easily  disintegrates. 
It  is  found  also  in  veins  and  seams  and  in  angular  crevices. 

92.  Lauisontitic  amygdules,  from  about  half-way  between  Knife 
River  and  Agate  Bay.  The  rock  No.  91  becomes  more  and  more 
charged  with  laumontite  in  passing  toward  the  east.  In  patches, 
and  in  some  of  the  irregular  beds  of  the  rock,  which  is  tipped  aad 
twisted  in  opposite  directions,  but  mainly  dips  toward  the  lake, 
this  laumontite  is  so  abundant  that  the  rock  easily  weathers  to 
pieces.  It  there  also  is  thinner  and  more  regularly  bedded,  and 
forms  the  re-entrant  angles  of  the  coast,  the  "points"  being  formed 
by  the  more  firm  heavy-bedded  trappous-Iooking  portions  of  the 
series;  when  near  the  wat^r-line  these  soft  patches  cause  purgato- 
ries. These  two  variations  cause  a  jagged,  though  nearly  straight, 
coast-line  for  three  or  four,  or  more,  miles  from  Knife  Biver,  in 
some  places  the  rock  rising  about  SO  ft.  perpendicularly  from  the 
water.  This  even-bedded  rock,  with  much  laumontite,  seems  to  be 
that  which  Norwood  styled  "volcanic  grit,"  and  on  the  southern 
shore  is  styled  "ash-beds"  by  the  miners.  The  "dykes"  which 
Norwood  mentions  must  be  the  firmer,  broad  patches  and  bedded 
sheets  of  more  trap-like  rock  which  occur  in  connection  with  the 
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amygdaloide  just  mentioned.  There  is  no  regularity,  however,  in 
the  occurrence  of  these  places.  While  thb  laumontite  increases  in 
quantity  the  thalite  disappears.  With  the  laumontite  is  crystal- 
lized calcite  so  that  nearly  half  of  the  white  masses  thut  blotch 
the  blufis  is  often  calcit«. 

93.  From  the  firm,  heavy,  trappous  beds,  non-1  aumon title,  oc- 
curring as  above  with  No.  92.  At  the  point  at  which  the  samples 
are  obtained  (Sec.  10,  T.  52,  R.  11),  the  trappean  bed,  7  ft.  thick 
forms  the  height  of  the  bluff,  within  a  narrow  bay,  but  overlies  a 
bed  of  six  feet  of  very  laumontitic  amygdaloid,  which  is  also  bree- 
ciated;  under  that  (9  ft.  to  the  water)  is  a  rock  that  has  an  outward 
resemblance  to  No.  91,  but  has  less  of  thalite  and  more  laumontite. 

93.  A.  The  lower  rock,  last  mentioned,  with  green  (chloiiticP) 
amygdiiles. 

Through  section  11,  where  a  number  of  creeks  come  in,  the 
shore  is  made  of  red  clay,  with  a  stony  beach.  The  last  rock  seen 
is  a  low  exposure  of  No-.  91. 

The  west  coast  of  Agate  Bay  is  made  up  of  a  number  of  alterna- 
tions of  agatiferous,  heavy  beds  of  igneous  origin,  rather  fine- 
gimned,  and  layers  of  soft  laumontitic,  thinly-bedded  amygdaloid, 
styled  volcanic  grit  by  Norwood.  For  some  distance  after  round- 
ing the  point  the  coast-line  is  made,  as  noted,  by  a  sloping  rock- 
surface  that  rises  directly  from  the  water,  the  waves  washing  over 
a  broad  surface.  This  is  taken  for  an  igneous  rock,  but  occasion- 
ally, before  it  breaks  up,  on  entering  the  bay  further,  the  overly- 
ing bed  of  laumontitic  layers  may  be  seen  slightly  under  the  soil, 
and  tree-roofc*,  or  forming  a  continuous  line  of  outcrop.  The  dip 
slightly  changes  iu  rounding  the  west  point  of  Agate  Bay  so  that 
in  passing  along  the  beach,  in  either  direction  from  the  long 
smooth  rock-beach,  one  steps  on  lower  layers.  Within  the  bay  the 
dip  is  nearly  east.  On  the  point,  where  first  exposed,  the  dip  is 
nearly  south.  Further  within  the  bay  other  beds  of  alternating 
trap  and  amygdaloid  are  found  to  enter  the  coast-line,  there  being 
no  less  than  five  alternations  which  are  numbered  from  above,  be- 
low as  follows,  in  the  samples  collected.  These  beds  vary  from 
aght  to  fifteen  feet  thick. 

94.  Trap,  from  the  top  of  the  bluff.     Agate  Bay. 

95.  Amygdaloid,  underlying  No.  94. 

96.  Trap,  underlying  No.  95. 

97.  Amygdaloid,  underlying  No.  96. 

98.  Trap,  underlying  No.  97. 
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99.  Amygdaloid,  underlying  No.  98. 

100.  Trap,  underlying  No.  99. 

101.  Amygdaloid,  underlying  No.  100. 

102.  Trap,  underlying  No.  101. 

103.  Agates,  veinstones,  geodes,  &c,  from  the  layers  at  Agate 
Bay. 

The  point  between  Agate  and  Burlington  hays  is  made  hy  a  suc- 
cession of  seven  layers  of  traprock,  alternating  with  loose,  some- 
times brecciated,  amygdaloidal  layers,  while  five  are  seen  in  rounding 
the  corresponding  point  on  the  west  side  of  Agate  Bay;  the  firmer 
beds  forming  sh^irp  rocky  points,  and  the  amygdaloid  occupying 
the  inward  angles.  They  are  each  10-15  feet  thick  and  dip  east- 
wardly,  as  on  the  west  of  Agate  Bay.  These  canuot  be  distin- 
guished from  those  already  enumerated  on  the  west  side  of  Agate 
Bay.  Burlington  Bay  is  structurally  a  repetition  of  Agate  Bay, 
whether  by  the  siime  beds  or  not  is  uncertain,  bat  quite  possible; 
the  general  dip  of  the  bsds  being  toward  the  lake,  about  both  bays, 
particularly  on  the  westerly  sides  where,  by  the  operation  of  high 
seas  and  winds,  the  rocks  have  suffered  greatest  degredation.  The 
eastern  shores  of  these  bays  are  mostly  made  of  pehhles  and  debris, 
and  are  low;  yet  it  seems  as  if  the  rocky  substructure  were  the 
governing  cau^^e  of  their  westerly  slopes.  Hence  these  bays  are 
due  to  a  sort  of  trough-like  downward  sweep  of  the  layers  of  trap 
and  amygdaloid,  within  the  bays,  and  the  points  to  a  similar  up- 
ward sweep,  the  greater  rock  exposure  on  their  westerly  coasts  b&- 
ing  due  to  the  greater  erosion  on  eastward  facing  shores.  The 
eastern  shore  of  Burlington  Bay,  and  the  point,  are  constructed  in 
the  same  way  of  alternating  layers  of  soft  and  hard  rock,  the  whole 
more  or  le.<is  igneous  or  vesicular.  Near  the  extremity  of  the  point 
is  a  remarkable  instance  of  a  heavy  trap  bed  supported  on  but- 
tresses of  softer  amygdaloid  which  separate  deep  and  dark  pui^ar 
tories  to  the  number  of  thirteen.  The  trap  bed,  which  lies  like 
the  superstructure  of  a  bridge  on  piers,  is  about  ten  feet  thick,  and 
the  whole  rises  25  or  thirty  feet  towards  the  west,  hut  descends 
gradually  to  the  lake  level  towards  the  east. 

104.  Seems  to  be  what  Norwood  styled  heulandite,  from  the 
igneous  layer  that  lies  along  the  lake  level  at  the  great  bridge,  be- 
low the  amygdaloid. 
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The  baj  nest  east  of  Burlington  Bay  ia  also  made  up  along  its 
western  coast  of  a  succession  of  heavy,  dark,  igneous  beds,  alter- 
nating with  soft  amjgdaloids,  the  number  of  the  former  being  four 
or  five. 

105.  Sec.  22,  T.  53,  R.  10.  The  point  on  the  coast  here  just 
E.  of  Silver  Cr.  is  high  and  rocky,  with  mixed  dark  heavy  rock 
and  amygdaloid,  as  if  from  a  conglomerate,  rising  about  thirty 
feet  perpendicularly  from  the  water,  and  particularly  on  the  east- 
em  side.  Along  Sec.  21  the  coast  is  low  and  rocky,  with  trap  and 
amygdaloid,  dipping  generally  into  the  lake,  but  through  Sec.  29 
it  is  mainly  a  shingle  beach.  The  hill  on  Sec.  15  is  abruptly 
elevated,  facing  the  lake,  (See  639)  and  caused  by  mixed  trap  and 
amygdaloid.  It  rises  perhaps  250  feet  above  the  lake,  and  farther 
back  about  400  feet,  the  top  being  of  heavy  basaltic  doleryte. 
The  whole  coast  line  of  Sec.  15  is  high  and  rocky  with  this  nun^ 
ber — alternating  or  mixed  amygdaloid  and  trap,  with  purgatories 
in  the  fonner.  Sec.  11  is  mainly  a  sand  beach,  with  no  rock,  or 
only  a  single  low  rocky  point,  j(  mile  west  of  Encampment  River. 
This  sandy  beach  continues  to  the  middle  of  the  coast  line  that  is 
in  Sec.  12.  when  trap  and  amygdaloid  return,  extending  about  ten 
rods  after  which  appears  the  next. 

106.  A  heavy,  coarsely-jointed,  coarse-grained  rock,  of  which 
Encampment  Island  is  composed,  a  truly  igneous  rock,  in  which 
the  augite  (?)  shows  metalloidal  surfaces  resembling  bronzite. 
This  also  contains  what  is  taken  provisionally  for  the  unindimd- 
ualized  magma,  as  well  as  plagioclose,  magnetite,  apatite  and  de- 
lessite,  (same  as  638).  This  rock  also  has  concretionary  or'  geodic 
nests  of  light-colored  mineral  resembling  quartz  or  chalcedony. 

107.  Prom  the  point  directly  opposite  the  island.  It  is  heavy, 
dark-colored,  massive,  but  basaltiform.  overlying  a  red  amygdaloid 
which  lies  on  a  rock  like  that  of  Two  Harbors.  This  rock  seems 
to  be  on  extension  of  the  rock  of  Encampment  Island,  and  the 
equivalent  of  No.  639. 

108.  Heavy  trap,  showing  small  grains  or  films  of  native  cop- 
per, from  the  high  bluff  at  the  mouth  of  Gooseberry  river.  (See 
Nos.  517  and  518). 

109.  Trap  from  the  falb  of  the  Gooseberry  river.  S.  W.  J 
Sec.  32,  T.  54.9 

109.  A.     Thalite  &c.,  Palls  of  the  Gooseberry. 

110.  Reddish,  finely-jointed,  and  crumbling  into  many  amal), 
angular  pieces,  that  on  the  beach  are  firm,  red,  and  abundantly  strewn 
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of  Gooseberry  river.  This  rock,  which  is  seen  about  on  Sec.  12,  T. 
54.9,  is  like  that  at  Crystal  Bay,  which  furnishes  the  calcites.  The 
for  some  miles  west,  even  making  the  red  beach  at  the  mouth 
bluff  here  gradually  rises  from  the  level  of  the  lake  at  its  western 
end,  with  a  dip  (?)  almost  perpendicular,  but  toward  the  west.  In 
passing  along  20  rods  it  gets  horizontal,  and  even  runs  the  other 
way,  at  an  angle  of  25  degrees.  The  perpendicular  bluff  rises  40 
feet  in  its  horizontal  parts,  and  where  the  dip  becomes  20°  E.  it  is 
somewhat  higher,  continuing  altogether  about  40  rods.     (V.  520.) 

Xearly  opposite  this  bluff  is  a  rocky  trap  island  in  which  are  nu- 
merous concretionary  masses  which  themselves  are  mainly  of  the 
same  rock,  3  and  4  feet  in  diameter,  and  also  many  nodules  of  quartz, 
some  of  them  being  a  foot  or  more  in  diameter.  They  are  geodic 
and  sometimes  amethystine  or  agate-like.  This  trap  is  finely  amyg- 
daloidal  in  some  places,  but  generally  heavy,  compact,  and  dark- 
colored;  the  two  characters  being  disseminated  so  as  to  be  irregu- 
larly mixed,  one  surrounding  the  other  as  if  in  concretions,  or  as  if 
one  had  been  cemented  in  the  other  as  a  matrix.  This  rook  can  be 
traced  in  the  shallow  water,  directly  under  the  rock  of  No.  110,  up 
to  the  foot  of  the  bluff  on  the  mainland.  There  are  here  strictly 
two  small  islands  separated  by  a  narrow  shallow  channel.  The 
rock  of  these  islands,  and  the  beds  of  the  coast  west  of  the  rock 
of  No.  110,  rise  toward  the  west  so  as  to  form  the  high  land  and 
bluff  at  Gooseberry  River  from  which  was  obtained  No.  108. 

Ill  A.     Heavy  compact  trap.     See.  7,  T.  54,  R.  8. 

111  B.     Amygdaloidal  trap.     Sec.  7,  T.  54,  R.  8. 

These  are  from  the  west  side  of  a  little  bay  in  Sec.  7,  one  show- 
ing 10  feet  and  the  other  6  ft.  They  are  both  greenish.  The 
strike  is  nearly  northward  ^and  northeastward,  but  forms  the  coast- 
line for  \  mile.  No.  Ill  B,  gradually  rising  to  a  thickness  of 
nearly  15  feet,  when  it  passes  inland  as  the  coasMine,  made  of 
shingle,  sweeps  more  eastwardly  toward  the  mouth  of  Splitrock 
River. 

112.  Dark  basaltic  trap,  holding  masses  of  No.  113,  from  Split- 
rock  Point.    (V.  524.) 

112  A.  Vein  rock,  and  calcite  and  stiibite  (?)  from  a  vein  in 
No.  112. 

113.  Feldspar  rock,  probably  labradorite,  from  the  masses  in- 
cluded in  dark  trap  at  Splitrock  Point. 


byGoO'^lc 


90  AHNUAL  BGPOBT. 

The  west  side  of  Splitrock  River,  at  its  entrance  to  the  lake,  is 
low,  but  the  east  side,  or  northeasterly,  is  high,  and  formed  of  a 
basaltic  bluff  of  rock  like  No.  112,  which  appetirs  on  the  immediate 
coast  Ht  a  short  distance  enst  of  the  river.  It  there  embraces  a 
large  block  of  a  whitish-looking  rock,  which  at  a  distance  appear? 
to  be  granite,  but  which  in  reality  is  what  has  been  described  by 
Norwood  as  feldspar  (No.  113),  protruding  through  greenstone. 
This  does  stand  up  like  a  dyke,  but  is  in  reality  older  than  the  trap, 
and  occurs  generally  further  inland,  forming  bills  several  hundred 
feet  high.  This  bluff  rises  sheer  from  the  water  136  feet,  and  has 
basaltic  dark  trap  on  each  side  of  it,  the  ruck  itself  being  massive. 
On  the  east  of  this  high  rock  the  trap  shows  included  masses  of  the 
same  rock,  a  fact  wliich  Norwood  mentions,  but  yet  speaks  of  the 
feldspar  a-i  a  protruded  mass  of  later  date  than  the  trap.  On  the 
west  of  the  lar^  feldspar  ma.is  is  a  vein  in  Nu.  112  eighteen 
inches  wide,  mostly  now  consisting  of  calcite  (112  A),  with  coat- 
ing of  stilbite  next  the  walls.     (V.  522,  523,  524.) 

114.  Mifssive  diurk  dolerj'tc,  occurring  under  the  feldspar  mass, 
and  tu  the  east  of  it.     (Hull.) 

115.  Massive  dark  rock  holding  feldspar  blocks.     (Hall.) 
115.  A.     Feldspar  found  in  No.  115.     (Hall.) 

115.  B.     Vein  running  through  the  rock  No.  115,     (Halt.) 

On  east  of  Castle  Danger  (No.  113)  there  is  a  huge  pudding 
stone  of  trap  and  feldspar  for  a  short  distance,  and  then  under  it  b 
a  short  exposure  of  rock  No.  110,  just  as  the  bay  begins,  which  on 
the  opposite  side  of  the  buy,  east  of  Splitrock  Point,  appears  again 
at  the  foot  of  a  high  bluff  of  feldspar  rock  which  stmids  a  little 
inland.     Compare  No.'s  522  and  523. 

116.  Rock  on  next  bluff  below  the  feldspar  rock,  and  resem- 
bling rock  115.  Point  rises  high,  and  is  basaltic  in  structure; 
about  half  way  between  Splitrock  Point  and  Two  Harbor  Bay. 
There  is  a  conspicuous  baaaltiform  layering  on  the  east  side  of 
this  point  which  slopes  eastwardly. 

117.  The  Two  Harbor  rock;  a  heavy  fine-grained  compact, 
brownish-black,  bedded  rock  dipping  eastwardly;  in  some  places 
coarsely  crystalline  and  reddish,  containing  small  quartz  geodes 
and  crystals;  these  red  parts  sometimes  cross  the  mass  in  the  form 
of  veins.  In  order  of  stratification  this  underlies  the  rock  of  Ko. 
116,  but  is  separated  from  it  by  Nos.  522  and  523,  the  stratigraphi- 
cal  equivalents  of  rock  520  and  110.  It  is  one  of  the  sedimen- 
taries. 
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118.  Crystalline  igneous  rock,  of  coarse  texture,  from  theconi- 
«al  hill  at  the  head  of  Two  Harbor  Bay, 

The  point  that  encloses  the  east  side  of  Two  Harbor  Bay  is  a 
repetition  of  Castle  Danger  Point  (or  Splitrock  Point),  and  is  made 
np  in  the  some  way  of  a  dark  basaltic  doleryte  and  blocks  of  gray. 
feldspar;  but  here  the  rock  No.  117  can  be  seen  lying  below  No,  112. 
A  little  east  of  the  perpendicular  part  of  this  bluff,  yet  before  the 
detached  masses  of  feldspar  cease,  can  be  seen  a  large  smoothed  suiv 
face  of  one  of  the  feldspar  blocks,  uncovered  by  the  falling  off  of 
the  basaltic  columns,  presenting  the  characters  of  glaciation.  The 
piece  is  30  feet  long  and  stands  somewhat  obliquely  among  the  ba- 
aaltic  columns.  On  the  main  part  of  the  striated  surface  the 
marks  are  liu-ge  and  wavy,  and  run  obliquely  upward  at  an  angle 
of  about  45°,  as  the  surface  slopes.  The  whole  contour  of  the 
wall  which  is  exposed  over  SO^feet  of  height,  and  ten  or  fifteen  in 
width,  is  exactly  that  of  the  glaciated  surfaces,  being  smoothed 
-and  marked  transverse  to  the  coarse  jointing  of  the  block,  the  face 
being  toward  the  S.  W,  The  striations  and  the  whole  smoothed 
surface  run  continuously  directly  under  the  basaltic  columns  of 
the  trap  that  still  stand  in  their  places.  If  these  be  glacial  marks, 
they  furnish  evidence  of  a  post  glacial,  or  an  interglacial,  igneous 
outflow.  Still  tht;  marks  can  be  accounted  for,  perhaps,  by  refer- 
ing  them  to  the  slow  ;iction  of  the  weather  under  the  pressure  of 
the  slowly  disintegrating  basaltic  trap.  As  the  sever;il  columns 
became  loose,  but  did  not  fall  into  the  lake,  their  pressure,  by 
gravitation,  on  a  sloping  hard  surface,  with  alternate  freezing  and 
thawing,  might  so  raise  and  lower  them  as  to  cause  them  to  ope- 
rate as  slowly  moving  boulders  frozen  in  a  glacier, 

119.  At  the  next  high  point,  about  half  a  mile,  the  rock  is  red- 
dish and  basaltic,  being  like  the  red  granite  at  Beaver  Bay;  with  a 
couple  of  narrow  dykes,  closely  resembling  the  red  parts  of  No. 
117,  The  dykes  are  compact  and  green.  Immediately  east  of 
this,  which  rises  about  50  feet,  tlie  latter,  green  trap,  more  coarsely 
grained,  returns,  in  the  form  of  a  dyke  at  iirst,  but  soon  as  heavy 
beds  of  basalt,  forming  high  shores,  for  j  mile:  thence  eastward  to 
Beaver  Bay  the  same  rock  forms  the  coast-line.  This  point  (119) 
is  composed  of  a  sudden  upheaval  and  metamorphism  of  both  the 
rock  of  No.  110  and  No.  117,  the  latter  being  basaltic  and  making 
the  promontory  point.  It  is  red.  The  cause  of  the  upheaval  is 
seen  immediately  on  the  east  of  the  point  in  the  outburst  of  heavy 
drak  trap  which  runs  along  and  rises  perpendicular  about  30  feet 
— 60  feet  at  the  next  point,  and  appears  gray.     This  igneous  rock 
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extends,  in  the  form  of  a  dyke,  or  overflow,  toward  the  north  and 
northeast,  forming  a  range  of  lakeward  sloping  hills  running  back 
of  Beaver  Bay  and  supplies  the  iron-sand  of  Black  Beach,  three 
miles  west  of  Beaver  Bay.  At  Beaver  Bay  Point  it  embraces 
masses  of  feldspar  rock  again,  and  is  suddenly  replaced  by  a  high 
and  semi-baaaltic  promontory  of  red  rock  (No.  526.) 

120.  Feldspar  rock,  Beaver  Bay.     Resembles  No.  1.     (See  627.) 

121.  Coarsely  crystalline  rock  from  W.  side  of  second  small 
bay  above  Beaver  Bay  entrance.     (Hall.) 

122.  A  "greenstone;"  columnar,  and  on  inside  and  east  side  of 
same  bay  as  So.  131,     (Hall.) 

123.  Resembling  No.  116  from  bluff  east  of  Castle  Danger. 
(Hall.) 

123.  A,     Block  lying  within  No.  123  (Hall.)    See  637. 

124.  Brownish  rock  forming  the  bluff  at  Beaver  Bay  entrance, 
on  the  west  side  (Hall);  much  jointed,  semi-basaltic,  supposed  to  be 
the  equivalent  of  No.  119  (V.  No.  626.) 

124.  A.     Byke-rock,  within  134.     (Hall.)  • 

125.  S.  E.  }  Sec.  2,  T.  55,  R.  8.  Soft,  reddbh,  amygdaloidal ; 
explored  for  copper.  Several  test-holes  and  surface  trenches  have 
been  dug  on  various  sides  of  a  conical  hill  made  up  of  alternating 
layers  of  reddish  brown  firm  rock  (trap?)  and  soft  amygdaloid, 
very  much  like  the  layers  that  form  the  hill  west  of  Agate  Bay. 
This  amyglaloid  is  so  soft  when  wet,  and  so  fragile  when  dry  that 
it  can  be  crushed  in  the  hands.  It  has  a  soapy  feel,  and  a  dull  red 
color. 

126.  This  rock,  which  furnishes  by  its  disintegration  the  black 
sand  at  Black  Beach,  a  few  miles  west  of  Beaver  Bay,  is  found 
in  places  about  i^  mile  up  the  creek  that  enters  the  lake  there,  near 
the  center  of  Sec.  22,  T.  55,  B.  8.  It  seems  to  consist  of  plagio- 
clase  (labradorite  ?)  byperstbene  and  magnetite  essentially,  making 
the  rock  hyperyte,  according  to  Dana's  Mineralogy  p.  210.  The 
metalloidal  surfaces  of  the  crystals  in  this  rock  resemble  those  of 
the  rock  of  Encampment  Island. 

127.  Prom  near  the  mouth  of  the  river  at  Beaver  Bay.  A 
metamorphic  rock  presenting  another  condition  of  No.  124;  fre- 
quently jointed,  breaking  so  e_a8ily  along  predetermined  planes 
that  it  falls,  under  the  hammer,  into  small  fragments,  making  it 
difBcult  to  get  a  fresh  fracture.  In  the  main  it  is  slaty,  but  its 
texture  is  tough  and  its  exterior  is  angular.  It  is  ashen-'gray,  but 
has,  between  the  laminations  thinner  lighter  laminations  of  appar- 
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entlj  siliceous  matter;  suddenly  rises  in  a  knob  and  disappears 
under  the  drift.  In  color,  structure  and  texture  this  difTers  from 
any  rock  before  seen  on  the  shore.  It  rises  about  60  feet  and  ex- 
tends about  120  feet.  Microscopically  it  appears  to  consist  of 
quartz  in  iine  grains,  in  a  non-crystalline  base.  It  extends  more 
or  less  back  from  the  mouth  of  the  creek,  toward  the  west,  and 
appears  slightly  on  the  other  side  of  the  creek.  (V.  528) 

138.  Feldspar  crystals,  weathered  out  of  masses  em)»raced  in  a 
crumbling  doleryte,  just  north  of  the  mouth  of  Beaver  Creek. 
These  feldspar  masses  lie  within  15  feet  of  another  outcrop  of 
upheaved  rock  like  No.  127,  viz: 

129.  Similar  to  127,  but  porphyritic  with  orthoclaae,  and  translu- 
cent grains  like  adutaria,  thus  resembling  the  rocks  68  and  140;  an 
isolated  buttress  55  feet  wide  and  25  feet  high.  This  outcrop  has  no 
evenly  laminated  arrajigement,  but  is  frequently  jointed  and  easily 
falls  to  pieces.  It  seems  to  be  highly  tilted  in  the  form  of  a  bed 
toward  the  south,  and  lies  on  the  next,  with  an  angle  of  30  de- 
grees. Occurs  a  short  distance  northeast  of  the  mouth  of  Beaver 
Creek. 

130.  Finely  siliceous,  quartzyte,  dark  brown,  a  bed  lying  under 
No.  139,  suddenly  thrust  upward,  and  presei^ting  somewhat  the 
outward  form  of  a  dyke. 

131.  Finely  crystalline,  of  a  blubh  gray  color  or  nearly  black; 
from  a  point  6  rods  further  along  (N.  E.)  in  Beaver  Bay,  which 
embraces  masses  of  feldspar;  probably  of  the  igneous  series.  This 
rock  cannot  here  be  said  to  embrace  the  feldspar,  but  the  overlying 
trap  is  30  mixed  with  feldspar  pieces  and  is  so  nearly  of  the  same 
color  and  rate  of  disintegration  that  they  lie  confusedly  together; 
and  in  some  cases  pebbles  of  feldspar,  somewhat  changed,  are  in 
the  surface  of  No.  131.     (See  582.) 

131.  A.     Stilbite  incrustations  from  No.  131. 

132.  The  green  igneous  rock  that  holds  the  feldspar  masses,  as 
in  131 ;  generally  basaltic.  This  is  apparently  from  the  same  aa  Nd. 
181,  but  at  another  point.    (See  632.) 

182.  A.  Red  patches,  &c.,  in  No.  132;  apparently  consisting 
largely  of  stilbite,  of  a  fleeh-red  color,  and  pierced  by  needles  of 
light  green  mineral,  which  is  probably  actinolite.  This  occurs  ia 
nodules  and  patches,  in  veins  and  joints,  going  in  different  direc- 
tions across  the  face  of  the  rock. 
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133.  The  coast  to  the  first  island  east  of  Beaver  Bay  is  made  up 
of  the  coarse  dolerjte  132,  and  feldspar  rock.  The  island  in  the 
hay  is  of  red  rock,  resembling  the  rock  ia  the  bluff  of  the  west  point 
of  the^ay,  but  approaching  the  rock  of  the  high  palisades.  This 
number  resembles  the  2d  island  (large  one).  It  is  of  the  feldspar 
rock,  or  "Rice  Point  granite"  entirely. 

134.  Red  granite,  generally  basaltic  in  structure,  but  in 
places  amygdaloidal  and  crumbling;  coarse  grained,  from  the 
3d  island  from  Beaver  Bay.  The  4th  island  appears  to  be  of  the 
same,  but  was  not  visited.  Nearly  opposite  the  last,  but  a  little 
■west,  is  a  high  bluff  of  brecciated  or  amygdaloidal  reddish  rock 
with  one  narrow  E,  and  W.  dyke.  Another  dyke  forms  an  isolated 
ridge  a  few  rods  further  east,  rising  a  few  feet  above  the  water 
and  running  into  the  sand  beach  in  the  same  direction. 

135.  A  reddish-brown  breccia,  sometimes  amydaloidal,  with 
traces  of  carbonate  of  copper  (?)  and  numerous  calcite  seamings. 
From  the  last  mentioned  dyke  the  coast  becomes  jagged,  rocky  and 
precipitous,  with  frequently  joiuted,  reddish-brown  rock,  like  the 
Two  Harbor  rock,  which  sometimes  becomes  grayish  like  the  slaty 
quartzyte  at  Beaver  ^ay,  and  this  becoming  brecciated  and  amygda- 
loidal, with  purgatories,  for  nearly  a  mile.  Opposite  this  precipitous 
line  of  coast  is  the  5th  island,  and  N^o.  135  is  obtained  along  this 
high  bluff  (20-60  feet).  It  is  evident  along  this  high  bluff  that  the 
hard  gray  rock  of  Beaver  Bay  is  a  variation  simply  of  the  reddish- 
brown  losely  jointed  rock,  since  it  shows  in  patches,  and  especially  in 
proximity  to  the  E.  and  W.  dykes;  and  that  the  fine  grained,  red- 
dish-brown rock,  resembling  some  trap,  as  that  of  Two  Harbor 
Bay,  is  altered,  brecciated.  and  basaltified  by  the  coarse-grained, 
igueoin  r()ck  which  is  associiited  with  it,  the  former  being  one  of 
the  sedimentay  beds.  Between  Beaver  Bay  and  the  Great  Palisades 
are  numerous  feldspar  masses,  in  the  coast  series,  and  inland  from 
the  shore  a  very  short  distance  is  a  range  of  low  hills  made  up  of 
feldspar,  with  traprock  on  their  fianks. 

136.  Comes  from  opposite  the  6th  island.  It  is  a  crystalline 
rock,  with  much  green  mineral;  varies  from  dark-brown  to  green- 
ish and  black.  In  close  proximity  to  it,  and  at  last  forming  the 
"whole  of  the  bloff  mentioned,  is  a  rock  that  is  like  No.  184.     This 
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sometimes  is  bedded  and  slopes  up  from  the  water,  tit  other  times 
broken  and  basaltic,  with  high  bluSB,  Further  along  the  rock  No. 
184  seema  to  be  Burrounded  and  embraced  in  masses  in  No.  138» 
very  much  aa  the  "feldspar"  is  embraced  in  No.  112,  but  with 
much  less  contrast  of  color.  This  is  due  ximplj  to  variation  in 
the  same  rock. 

137.  Samples  shows  the  alternations  of  color  between  bright 
green  and  bright  red  in  the  rock  No.  136.  The  green  tint  ia 
eaosed  by  abundant  chlorite.  (?)  The  red  is  apparently  that  of  a 
dark,  flesh-red  feldspar  but  also  due  sometimes  to  iron  rust. 
Throu^  them  both  are  coarse  crystals  of  what  often  appears  to  be 
amphibole.  In  the  chlorite  (?)  are  small  quartz  crystals  with 
two  perfect  terminations.  This  ia  opposite  the  isltind,  or  about 
the  center  of  Sec.  28,  T.  56,  R.  7,  in  a  high  bluff  along  the 
W.  aide  of  a  little  bay  of  which  the  east  ia  of  the  same  rock  less 
high.    The  brightest  colors  and  contrasts  are  near  the  water. 

138.  Rock  from  the  tip-top  of  the  Oreat  Palisades,  315  feet 
above  the  lake;  a  hard,  reddish-brown,  fine-gained  rock,  with 
tionslncent  rectangular  crystals;  sometimes  porphyritic  with  a 
flesh-red  feldspar. 

139.  So  taken  as  to  express  the  character  of  the  rock  of  the 
hulk  of  the  Palisades;  of  the  same  character  as  No.  138. 

The  Palisades  hegin  after  passing  the  little  rock-bound  bay  of 
No.  137.  Altitude  of  the  perpendicular  bluff  near  the  mouth  of 
the  Palisade  Creek,  125  feet;  of  the  Palisades  near  the  north  line 
of  Sec.  28,  back  from  the  bluff  145  feet,  separated  from  the  main 
Palisades  by  a  slight  depression.  Highest  point  on  the  Palisades, 
315  feet;  highest  perpendicular  over  the  lake,  210  feet. 

140.  This  number  embraces  a  varied  lithology,  taken  from  the 
contorted  concretionary  and  amygdaloidal  parts  that  lie  under  the 
main  basaltic  portions  of  the  Palisades.  It  is  by  the  easier  erosion 
of  this  that  the  face  of  the  Palisade  bluff  gradually  recedes  inland. 
As  they  become  unsupported,  column  after  column  of  the  bluff 
slides  down  perpendicularly  and  generally  breaks  into  large  blocks 
which  remain  and  make  a  breakwater  protecting  the  lower  beda 
from  the  force  of  the  waves  and  ice;  but  sometimes  they  remain 
standing  partially  erect  and  unbroken,  after  sliding  down,  leaning 
against  the  bluff.  One  can  now  be  seen  so  standing,  about  26  feet 
long.  In  this  underlying  portion  there  is  apparent  a  degree  of 
heat  which  was  sufficient  to  fuse,  or  semi-fuse  the  material,  and  to 
allow  of  its  being  twisted  and  recurved  so  aa  to  defy  description. 
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Large,  hardened  masses  or  concretionB  occur  in  it;  the  whole  of  it 
contains  the  translucent  crystals  mentioned,  as  well  as  flesh-red 
feldspar.  Some  of  it  is  red,  some  ^i^reen,  some  brown,  some  dirty 
white  or  buff;  some  is  laminated  with  thin  laminae  of  the  trans- 
lucent mineral,  and  some  is  mHssive  with  a.  conchoidal  fracture; 
'the  matrix  of  the  crystals,  and  the  parts  between  the  trsjislucent 
laminae  are  not  crystalline  but  seem  to  have  been  perfectly  molten 
once  to  allow  for  the  crystals  above;  yet  probably  cooled  rather 
suddenly;  these  laminated  parts  and  other  (brownish)  streaked 
portions,  appear  to  hare  been  drawn  out,  at  least  the  latter,  in  a 
streamed  structure,  containing  less  of  the  translucent  grains  and 
more  quartz,  which  latter  is  clouded,  under  the  microscope,  with 
inclusions.  This  streaked  structure  is  judged  to  be  due  to  stream- 
ing from  the  occurrence  of  a  few  crystalline  forma  in  it,  which 
perhaps  would  not  be  the  case  if  the  structure  were  due  to  a  pre- 
served efieot  of  original  sedimentation. ' 

141.  Dark  green  igneous  rock,  like  113  which  holds  the  feld- 
spar masses.  This  seems  to  lie  under  the  Palisades,  as  it  comes  in 
at  once  on  the  coast  east  of  Palisade  Greek,  the  rock  of  the  Pali- 
sades suddenly  disappearing  with  dip  toward  the  lake;  continues  to 
near  Baptism  River,  where  a  coarsely  jointed,  brecciated,  grayish- 
red  laminated  and  finely  porphyritic  fine  rock  comas  in  just  before 
ifeaoliing  the  river,  through  which  the  river  has  cut  a  narrow  pas- 
sage or  gate  as  it  enters  the  lake. 

143.  From  N.  W.  i  of  N.  E.  i  Sec.  4,  T.  56,  R.  7,  on  Baptism 
River,  339  feet  above  Lake  Superior;  and  about  30  rods  above  the 
fourth  falls  of  the  river.  About  \  mile  above  this  the  river,  and 
the  country  generally,  undergoes  a  marked  change,  the  former  be- 
coming slow  and  broad,  and  the  latter  level  or  undulating,  without 
visible  rock  in  either.  The  rocks  here  consist  of  alternations  of 
trap,  or  basalt,  with  amygdaloid,  similar  to  the  layers  of  Agate 
Bay,  dipping  N.  W.  20'.  The  lower  beds  of  basalt  form  shelving 
points  and  bars  across  the  river,  but  the  upper  ones  are  in  the 
bluff  on  the  west  side,  which  is  36  or  60  feet  high.  There  are  at 
least  16  beds  of  basalt,  more  or  less  distinct,  hut  they  are  not  so 
thick  as  at  Agate  Bay.  Here  they  are  from  3  to  6  feet  thick,  and 
all  dip  in  the  same  direction.  The  fourth  fall  is  made  by  one  of 
4hese,  more  coarsely  crystalline  than  the  others 

143.  The  doleryte  that  forms  the  fourth  fall  of  Baptism  River. 
The  fall  embraces  the  whole  river  in  one  narrow  cleft,  and  descends 
nearly  perpendicular. 
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144.  The  river  bed  is  then  filled  with  large  boulders  of  No.  143 
for  some  distance,  and  all  dip  and  Btrike  are  lost.  The  next  that 
appears  is  a  closely  jointed  dark  rock,  sometimes  having  red  belts, 
and  calcite  seams,  but  mainly  black.  In  this  kind  of  rock  is  tut 
abandoned  exploration  for  copper,  some  distance  above  the  fourth 
fall.  There  is  also  in  the  river  bed  along  this  place,  lai^  detached 
masses  of  feldspar  rock. 

145.  The  rock  of  the  third  fall,  which  is  the  same  as  the  Pali- 
sade rock,  as  it  apppears  on  the  shore  below  Baptism  Kiver.  It  is 
reddish  and  compact  with  small  translucent  crystals.  It  is  som^ 
what  finely  amygdaloidal,  and  weathers  into  rough  slates,  which 
are  again  cut  by  joints  into  lenticular  pieces,  that  present  their 
sharp  comers  as  their  neighbors  fall  out.  These  slates  have  a  dip 
north.  Indeed  the  rock  No.  145,  so  far  a  it  appears  along  the 
river  here,  has  shown  a  dip  northwardly,  but  only  occasional  ex- 
posures occur,  generally  low  and  water-covered.  The  rock  here 
rises  above  the  top  of  the  falls  about  30  feet,  the  whole  height 
lieing  105  feet.  Below  thia  fall  are  large  masses  of  feldspar  rock 
loose.  There  is  a  series  of  amygdaloid  and  trap  beds  under  the 
rock  of  the  falls,  that  appear  in  the  river  about  25  rods  below, 
dipping  N.  W.,  as  the  rock  of  the  falls  dips.  The  thickness  and 
number  of  these  underlying  beds  cannot  be  seen. 

146.  Forms  the  rock  of  the  second  fall,  but  the  fall  is  in  two 
parts.  These  are  simply  some  of  the  layers  of  the  trap  that  belong 
to  the  series,  but  are  coarser  and  somewhat  basaltiform.  The 
hlocks  are  coarser  than  they  are  generally  between  the  second  and 
third  falls,  though  there  is  not  much  exposure  along  the  river. 
This  fall  is  about  30  feet.  The  samples  come  from  the  top  of  the 
first  part  of  the  fall.  The  beds  are  more  compact  in  the  lower 
portion  of  the  fall;  but  all  maintain  the  same  dip,  though  in  less 
degree. 

About  one-fourth  mile  below  the  second  fall  is  a  bluff  along  the 
right  bank,  rising  about  80  feet,  made  up  of  layers  of  trap  and 
amygdaloid,  while  the  left  bank  is  low,  or  gently  ascending,  and 
rises  up  as  a  trap  layer  rises  in  dip  at  an  angle  of  15^,  the  dip 
being  toward  the  west,  15°  N.  This  continues  about  ^  mile.  The 
layer  that  forms  the  left  bank,  and  slopes  into  the  water  is  hard 
and  fine-^;rained,  but  somewhat  amygdaloidal  in  places  with  laumon 
tite. 
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147.  Compact',  but  auiygdaloidal  with  laumontite  \  mile  below 
the  second  falls  of  Baptism  River;  from  the  layer  sloping  into  the 
river,  as  above  described. 

148.  At  the  tirat  fall,  the  dip  changes  from  N.  W.  to  S.  or  S. 
E.  This  number  represents  the  lowest  bed,  over  which  all  the 
other  layers  seem  to  fall  in  anticlinal.  Although  at  the  blink  of 
the  fall  there  is  more  or  less  basaltiform  structure,  there  is  no  ap- 
parent dyke.  In  spots  the  dip  is  in  different  directions,  between 
N.  W.  and  S.  E.  or  S.  passing  through  W.  as  if  by  a  quaquaversal 
toss  the  whole  had  been  twisted.  The  bluffs  are  about  100  feet 
high  below  the  fall. 

149.  About  \  mile  below  the  1st  falls  is  a  conglomerate  out- 
crop on  the  east  bank,  dipping  with  a  synclinal  bend,  10°  S.  by 
10*^  E.  This  is  isolated  from  all  other  outcrops  seen  above,  and 
the  dip  of  all  seen  would  cause  this  to  overlie  them  if  there  be  no 
other  irregularity.  The  exposure  runs  about  12  rods  along  the 
shore,  but  its  highest  point  is  at  the  upper  end  where  about  18 
feet  can  be  seen.  The  whole  of  it  is  red,  and  some  of  it  is  almost 
wholly  free  from  pebbles,  so  aa  to  be  a  red  sandstone,  but  the 
greater  portion  of  it  is  full  of  pebbles.  Above  this  point  a  few 
rods  some  sand  rock  pieces  can  be  seen  in  the  river.  Some  of  the 
pebbles  are  six  inches  across,  but  generally  they  are  smaller. 

150.  Basaltic  rock  nearly  in  contact  with  No.  149,  but  eo 
separated  from  it  by  debris  of  pebbles,  etc.,  that  its  strategraphical 
relations  to  it  cannot  be  seen.     This  is  coarse  doleryte. 

151.  A  short  distance  further  down,  a  rock  appears  which  oc- 
cupies the  bed  of  the  river  at  first,  but  gradually  rises  so  as  to  form 
high  blufis.  It  18  reddiah-brown,  porphyritic,  compact,  and  has  trans- 
lucent crystals  in  form  of  rectangles  as  before  mentioned,  re- 
sembling the  palisade  rock. 

152.  Finely  jointed,  compact,  basaltic,  forming  a  precipitous, 
high  shore  on  either  side  of  the  river,  letting  the  river  down  to 
the  lake  level.  This  is  dyke-like  in  character  o^rock,  but  confused 
and  brecciated  in  outward  aspect,  forming  irregular  knobs  and 
and  escarpments.  This  is  found  after  an  interval  of  non-exposure 
in  the  river  bed,  after  the  last. 

153.  A  contorted  or  brecciated,  slaty,  cloeely  jointed  and 
laminated,  reddish-brown  rock,  forming  the  "gate"  by  which  the 
river  enters  the  lake,  rising  in  blufe  suddenly  at  the  lake  shore 
and  shutting  in  a  bayou  in  the  river.  This  is  also  porphyritic,  and 
has  translucent  square  crystals.    There  is  au  outcrop  of  the  Beaver 
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Bay  gray,  slaty,  quartzyte  oa  the  right  bank  below  No.  151.  Rock 
like  No.  141  ia  seen  first  above  the  bayou,  jiist  below  No.  152,  in  a 
short  exposure-like  a  djke. 

153.  In  the  little  bay  first  east  of  Baptism  river.  Beds  of  red- 
dish-gray, slaty  quartzyte,  like  those  of  No  137,  cut  by  narrow, 
finely-jointed  dykes,  the  upper  portion  being  hardened  and  black- 
ened so  as  to  resemble  the  second  rock  appearing  up  Baptism 
river  (158). 

The  little  bay  next  west  of  the  red  point  of  rock  (Puliaude  No. 
3),  is  occupied  by  high,  rocky  bluffs,  consisting  of  alternating 
amygdaloid  and  basalt  layers,  dipping  N.  W.  The  basalt  beds  are 
from  5  to  18  feet  thick  and  the  amygdaloid  from  almost  nothing 
to  15  feet.  The  basalt  beds  make  liitle  points,  and  the  amygda^ 
loids  form  bays  with  purgatories.  These  beds  run  under  the  rock 
of  the  Palisade  No.  2  (No,  154),  which  here  rises  perpendicularly 
in  a  high  wall  facing  south. 

154.  Rock  from  the  Palisades  Nii.  2,  ashort  distance  east  uf  the 
mouth  of  Baptism  river;  undistinguishable  from  that  of  the  Oreat 
Palisades. 

This  Palisade  rock  continues  easterly  with  irregular  dip  and 
bedding,  and  sometimes  evident  jointing,  18  to  30  feet  high,  for 
about  half  a  mile  from  this  point,  where  a  layer  of  dark  green 
doleryte  of  basaltic  structure,  twenty  feet  thick,  is  seen  crossing  the 
face  of  the  bluff  in  a  dip  30=  E.  of  N.  of  18'.  The  direction  of 
the  doleryte  layer  shows  the  prevailing  directicm  of  the  dip  of 
the  rock  in  general,  in  which  it  is  imbedded,  though  otherwise  it 
would  be  only  conjecturully  to  the  northeast.  Round  the  next 
little  point  c:ome  in  alternations  of  trap  and  amygdaloid,  as  before 
described,  dipping  with  the  basalt  Ia»t  described.  These  continue 
to  an  exposure  of  conglomerate  similar  to  that  seen  in  Baptism 
river,  dipping  north  at  an  angle  of  eight  or  ten  degrees.  The  ex- 
posure of  this  conglomerate  it  30  feet  high. 

155.  Conglomerate.  This  has  calcite  nodules,  and  some  lau- 
montite.  The  stones  are  occasionally  one  foot  in  diameter.  The 
higher  t^eds  come  down  to  the  beach  with  a  low  outcrop  toward 
the  weat,  but  to  the  east  the  conglomerate  is  changed  gradually 
int«  a  i-eddish-brown  or  nearly  black  rOck  wholly  metamorphosed 
and  at  a  distance  appearing  firm  and  close-jointed  like  a  fine  dyke 
rock.  Were  it  not  for  a  continuance  of  the  lines  of  stratification 
from  the  real  couglomorute  into  this,  it  is  hardly  possible  to  recog- 
nize  this  as  a  conglomorate. 
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1.55  A.  The  pebbles  are  changed  and  closely  cemented  in  the 
metamorphic  parts,  and  only  appear  as  blotches  of  dark  brown 
color.  The  whole  takes  more  the  aspect  of  a  fine  but  firm  breccia 
like  others  that  have  been  seen.  The  cause  of  this  hardening  and 
chan^ng  of  the  conglomerate  is  a  doleryte  dyke  20  feet  wide,  im- 
mediately on  the  east,  running  a  tew  degrees  west  of  north.  This, 
in  connection  with  another  but  a  few  feet  distant,  seen  after 
passing  the  little  point,  seems  to  have  caused  a  fault,  so  that  the 
conglomerate  is  not  seen  beyond  them.  A  bold  short  point  of 
rock,  like  the  palisade  rock,  next  comes  in,  but  it  seems  to  be  cat 
off  by  an  immense  dyke  that  runs  behind  it,  and  perhaps  is  the 
main  dyke,  the  former  being  branches.  This  is  75  or  80  feet 
wide.  Then  follow  snccessive  layers  of  trap  and  amygdaloid, 
with  a  high  dip  about  north,  repeating  the  phenomena  already 
noted.  The  dip  here  is  about  40°  N.  10°  £.  This  makes  a  most 
beautiful  nest  of  pinnacles  and  purgatories  in  quick  succession,  as 
the  bnsalt  beds  project  into  the  lake  and  break  down  by  piece- 
meal, so  as  to  leave  sharp  islands  and  belfries  standing  with  the 
water  on  all  sides.  After  this  supervenes  a  heavy  bedded  coarse 
trap,  crossed  soon  by  u  dyke  ;  and  after  this  a  pebbly  beach  for  40 
rods,  behind  which  seems  to  run  the  strike  of  the  conglomerate, 
judging  from  the  fragments  on  the  shore. 

156.  Then  comes  a  massive  heavy  rock,  with  a  considerable  in- 
gredient of  red,  with  jointed  and  contorted  lamination,  or  in  heavy 
massive  beds.  It  has  much  amphibole  and  much  magnetite.  In 
other  places  it  contains  orthoclase  and  laumonttte,  the  latter  min- 
eral causing  an  easy,  natural  disintegration.  This  is  terminated 
eastwardly  by  a  doleryte  dyke  50  feet  wide.  It  seems  to  be  partly 
derived  from  the  igneous  rocks  themselves,  mixed  in  eruption  with 
fused  portions  of  the  sedimentaries. 

157.  On  the  east  of  this  dyke,  where  several  veins  seem  to  radiate 
inland,  appears  a  light  reddish  hard  rock,  consisting  lai^ely  of 
orthoclase  and  quartz,  the  former  being  imperfectly  crystalline, 
with  magnetite  and  red  ochre  in  smaller  quantities.  This  forms 
a  high  bluff  for  10  rods,  and  is  terminated  by  another  dyke  of  35 
feet.  Two  other  dykes  also  cross  this  red  rock.  (See  No.  686.) 
Then,  after  a  short  pebbly  beach,  alternating  beds  of  amygdaloid 
and  basalt  return,  dipping  S.  W.  This  is  near  the  western  side  of 
the  broad  shallow  bay,  on  Sec.  30,  T.  57,  6,  where  a  hill  rises  near 
the  shore.  This  bay  is  J  mile  or  more  across,  has  a  pebbly  beach 
except  at  one  small  point  near  its  head,  where  a  trap,  coarse  and 
rough,  makes  a  small  outcrop.     The  point  on  the  east  of  this  bay 
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is  of  trap  and  amygdaloid,  in  irregular  alternation,  rising  25  feet. 
It  is  long  in  the  direction  of  tte  coaat  line,  and  precipitous.  (See 
Xos.  630  and  631).  Similar  alternations  of  trap  and  amygdaloid 
(Nos.  631,  3,  3,  4,  5),  with  irregular  bedding  but  nearly  constant 
oatcrop,  run  along  for  a  mile,  when  the  beach  becomes  stony  and 
low,  with  occasional  exposures  of  dark,  rough  and  vesicular  trap, 
to  Little  Morais.  {V.  No.  158).  This  is  a  short  sandy  and  pebbly 
beach,  crossed  by  the  entrance  of  two  little  creeks,  guarded  from 
the  N.  E.  winds  by  a  hard  trap  rock  layer  that  runs  out  in  the 
lake  like  a  breakwater,  some  distance ;  but  toward  the  S.  and  S.  W. 
it  is  perfectly  exposed  to  the  lake. 

158.  The  rock  iirst  west  of  Little  Marais;  trap  and  amygdaloid, 
the  latter  haying  sapouite  and  stilbite  filling  cavities,  with  somo 
thomsonite. 

158.  A.     Stilbite  &c.,  from  No.  158. 

159.  From  the  extreme  east  end  of  Little  Marais  bay;  amyg- 
ijaloid  that  is  derived  from  conglomerate;  contains  amygdules  of  stil- 
bite, mainly,  but  also  saponite  and  calcite;  having  a  general  rusty- 
red  color;  underlies  the  next. 

160.  Forms  the  point  that  protects  Little  Marais  from  the  east, 
and  occupying,  in  the  form  of  basaltic  trap,  the  coast  for  two  and 
a  half  miles  further  east,  rising  in  some  places  about  100  feet,  the 
conglomerate  sometimes  rising  50  feet  above  the  lake,  making  a 
bold  and  dangerous  strip  of  coast  for  small  boats.  The  two  inter- 
lock, and  blend  in  stratification,  and  the  conglomeratic  characters, 
particularly,  become  confused,  and  even  lost,  apparently  passing 
into  amygdaloid.  They  dip  toward  the  lake  in  the  main,  but  there 
are  spots  where  the  dip  is  invisible.  These  extend  to  and  beyond 
the  Manitou  river  (See  Noa,  628  and  629).  This  river  makes  a  per- 
pendicular plunge  of  about  20  feet  just  at  the  shore,  but  within  a 
re-entrant  angle  and  a  narrow  gorge.  The  river  on  entering  the 
lake  pssses  under  an  arch  of  confused  and  igneous  conglomeri  tic  rock ; 
the  latter  characters  being  also  mingled  with  amygdaloid,  su^est- 
ing  that  perhaps  other  amygdaloids  are  changed  conglomerates  or 
other  sedimentary  rocks.  This  is  a  beautiful  little  niche  in  the 
coast  line,  the  roar  of  the  falls  being  as  loud  as  that  of  the  beach, 
and  not  more  than  50  or  60  feet  distant  from  each  other.  There 
is  a  narrow,  crooked  gorge  also  above  the  falls,  but  the  river  is 
wholly  invisible,  a  sudden  jog  to  the  west  cutting  off  all  vision 
above,  so  that  the  water  seems  to  come  directly  from  the  rock 
blufi'.     The  l^e  bluff  is  about  65  feet  high,  and  perpendicular  from 
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the  water.  The  overlying  trap,  somewhat  basaltic,  is  about  30  feet 
tliick.     [V.  628.] 

To  the  east  of  Manitou  river  the  bluffs  are  not  so  precipitous. 
but  the  same  rocks  continue:  and  at  the  next  river,  where  the  wa- 
ter in  a  similar  manner  makes  a  short  plunge  (4  fe«t),  directly  from 
the  rock  into  the  lake,  the  blufls  are  about  half  as  high  aa  at  Man- 
itou river.  This  is  on  the  east  of  Pork  Bay,  which  has  a  broad, 
sandy  beach. 

161,  Trap  from  the  shore  at  the  town  line  betweer  rangee  5 
aud  6  (on  sec.  36),  one  of  the  layers  associated  with  altered  con- 
glomerate in  an  amygdoloidal  state;  some  having  tbalite  and  thorn- 
sonite.  Some  has  what  appears  like  prehnite  (Lintonite  P)  and 
some  calcite.  These'  are  not  easily  disseminated,  but  often  are 
foand  in  putches  or  clumps  closely  liggregated,  the  r^t  of  the  rock 
having  less. 

161,  A.  Brown,  aluminous  vein-rock  in  No.  161.  These  veins 
are  from  two  to  four  inches  wide. 

161.  B.     Pebbles  of  thomsonite,  from  the  top  of  l^o.  161. 

162.  Amygdoloid  from  the  same  place  as  No.  161. 

From  the  last  place  to  Sugar  Loaf  Point  the  coast  is  low,  with 
much  stony  and  gravelly  beach,  the  points  only  being  of  rock:  this 
rock  is  coarse  dark  trap. 

163.  From  Sugar  Loaf  Point;  a  small  point  enclosing  a  little 
bay  and  harbor  on  the  northwest  side  with  a  sandy  beach,  and  hav- 
ing a  conspicuous  tuft  of  trees  standing  isolated  from  the  low 
shore  lying  next  west  of  it.  The  rock  in  rough  trap  consisting  of 
two  sorts  and  dipping  south  10°  east,  at  an  angle  of  about  13  de> 
grees.  The  upper  part  appears  to  be  somewhat  more  uniform  and 
basaltic,  or  massive,  and  of  a  greenish  color,  18  feet  thick.  The 
lower  is  harder  and  has  many  concretions  and  amygdaloidal  spots. 
These  spots  are  in  nests,  the  amygdulee  being  of  thomsonite 
and  stilbite  (?).  There  are  perhaps  of  this  3  or  4  feet,  but  it  is 
irregularly  bedded,  anil  contains  pebbles  as  if  conglomeritic.  These 
pebbles  and  enclosed  masses  seem  to  be  so  thoroughly  embraced  in 
the  rock  that  they  were  more  likely  to  have  been  in  the  molten 
mass — semi-fused — than  to  have  been  of  marine  origin.  The 
greenish  color  of  the  upper  portion  seems  to  come  from  the 
weathering  of  the  firm  trap.  The  upper  portion  also  becomes 
globuliferous  in  disintegrating  under  the  weather,  exhibiting  the 
characters  that  have  been  ascribed  to  melaphyre. 
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East  of  Sugar  Loaf  Point,  to  Two  Islanda,  the  coast  ia  rocky 
most  of  the  way,  particularly  in  the  weatem  portions,  with  several 
ahort  pebbly  beaches.  The  rock  is  of  the  same  sort  as  at  the 
point,  and  along  the  beach  are  etrewn  white  pebbles  of  thomaon- 
ite.  with  stilbite.  The  coarse  basalt  of  the  point  rises  again  im- 
mediately on  the  east  of  the  bay,  disclosing  purgatories  below  it 
in  the  amygdaloid,  the  bluff  rising  25  feet,  and  being  cnt  by  can- 
yon-like gorges,  and  crossed  by  two  or  three  little  streams  before 
reaching  Two  Island  river. 

16i.  Trap  rock,  like  No.  163,  dipping  toward  the  lake  at  an 
Angle  of  about  12  degrees,  between  Sugar  Loaf  Point  and  Two 
Island  river. 

165.  From  the  westerly  of  the  Two  Islands.  The  rock  rises 
wbout  40  feet,  basaltiform,  on  the  west  aide,  dipping  S.  E.,  con> 
formably  with  the  dip  of  the  rock  on  the  shore.  The  westerly  is 
the  larger  island,  40  rods  long,  the  other  being  about  20  feet  high 
and  20  rods  long.     The  rock  is  similar  to  that  of  No,  163. 

The  Two  Island  river,  like  many  others,  is  closed  during  the 
summer  months  by  a  gravely  spit  that  turns  westerly  from  its 
point  of  starting  from  the  shore,  under  the  action  of  the  wind  and 
waves  of  the  lake  as  opposed  by  the  current  of  the  river.  The 
drift  of  the  beach  seems  always  to  be  toward  the  west,  and  these 
spits  that  shut  up  the  streams  are  uniformly  in  that  direction,  the 
river  being  continued  sometimes  behind  the  spit  for  several  rods 
before,  by  entering  the  gravel,  it  is  finally  lost  altogether.  The 
coast  line  is  hardly  broken  by  the  river,  especially  in  the  existence 
of  this  spit,  but  the  valley  seems  to  be  in  the  eroded  place  of  one 
of  the  more  amygdaloidal  layers  of  the  igneous  formation  that 
forms  the  coast  line.  There  are  several  falls  a  short  distance  up 
this  stream,  as  there  are  up  all  these  streams,  making  the  north 
shore  more  abundant  in  water-power  than  any  other  part  of  the 
State. 

The  rock  of  Two  Island  river  continues  to  form  the  coast  to 
€ross  river,  the  shore  ascending  from  the  water  with  the  slightly 
varying  drift,  from  three  to  fifteen  feet,  but  rarely  having  perpen- 
dicular walls. 

At  Temperance  river  the  same  beds  are  cut  through  by  the  river, 
And  the  underlying  amygdaloid  allows  of  the  sudden  recession  of 
the  lowest  rock-barrier  within  the  line  of  coast,  so  as  to  form  a 
small  rock-bound  amphitheater,  rising  suddenly  and  perpendicu- 
larly from  the  lake-level  on  all  sides,  forming  a  good  harbor  for 
small  boats.     This  is  entered  through  a  little  niche  in  the  rocky 
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coast,  in  quiet  water.  The  water  of  the  riyer  descends  by  a  short 
plunge  over  the  next  lower  layer  of  trap-rock  directly  into  the 
water  om  a  level  with  Lake  Superior.  Above  the  fall  is  a  narrow 
gorge,  only  visible  on  ascending  the  rocks,  crooked  and  filled  with 
cascades,  through  which  the  river  rushes  with  a  rapid  current,  throw- 
ing a  white  spray  on  all  sides.  This  gorge  exhibits  some  large  pot- 
holes, some  also  worn  and  broken,  thus  showing  how  the  river  has 
eaten  into  the  rock  and  excavated  this  gorge.  There  ia  no  larger 
stream  between  thitt  and  the  Ht.  Louis. 

Aacendiug  the  Temperance  river  the  layers  of  the  copper  series 
can  be  seen  constantly  rising,  the  dip  of  the  formation  beings 
greater  than  the  descent  of  the  river,  so  that  by  the  time  the  falls 
are  reached  several  hundred  feet  of  thickness  of  beds  have  been 
passed  over.  They  all  have  a  general  resemblance  to  themselvea, 
being  a  trap  like  Nos.  163,  i,  5,  but  in  places,  or  rather  in  beds, 
amygdaloidal,  these  beds  coming  in  with  a  rough  alternation,  bat 
not  with  continued  regularity.  They  may  have  been  partly  sedi- 
mentary, but  they  show  no  outward  signs  of  it,  except,  perhaps, 
this  kind  of  stratification — which  still  may  be  due  to  successive 
overflows  of  lava.  Indeed  the  amygdaloid  beds  seem  to  alternate 
in  a  manner  as  if  a  flow  of  lava  became  amygdaloided  by  degrees 
toward  the  upper  surface,  the  denser  portions  passing  upwardly 
gradually  into  the  more  open,  but  the  open  parts  passing  upward- 
ly suddenly  to  compact,  non-vesicular  layers.  There  is  also  a 
marking  on  the  uper  surfaces  of  some  of  the  amygdaloidal  beds, 
which  seems  to  show  the  effect  of  cooling  from  a  molten  condi- 
tion. These  marks  or  wrinkles  are  transveme  to  the  direction  of  - 
the  dip.  They  are  in  a  finer  grained  rock,  though  on  the  upper  sur- 
face of  the  amygdaloidal  layers,  and  seem  to  be  of  the  same  kind  of 
rock,  though  redder,  as  the  amygdaloid  itself.  They  are  seen  ai 
four  different  horizons,  and  overlie  uniformly  beds  of  a  foot  or  a 
foot  and  a  half  up  to  three  feet  and  a  half  of  amygdaloidal  trap, 
with  which  they  are  connected  by  slow  changes  into  the  same 
structure.  They  are  themselves  somewhat  amygdaloidal,  but  with 
much  finer  and  fewer  amygdules.  There  is  sometimes  a  thin  belt, 
or  interrupted  stratum,  of  highly  and  coarsely  vesicular  and  amyg- 
daloidal rock  immediately  under  the  wrinkles,  which  causes  the 
separation  of  sheets  of  the  wrinkled  flner  rock  from  the  rest  of  the 
bed.  These  wrinkled  surfaces,  which  are  transverse  to  the  sup- 
posed flow  of  the  molten  rock  toward  the  Lake  Superior  basin^ 
may  have  been  caused  by  the  superficial  cooling  of  a  film  of  rock 
on  the  surface  of  the  flowing  lava.     The  lava  continuing  to  flow — 
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toward  the  lake  valley — the  film  was  wrinkled  by  being  obstructed 
by  its  own  stifineBS,  as  cream  is  wrinkled  traosveisely  on  the  edge 
of  a  pan  as  the  milk  runs  out  below.  As  the  liquid  below  moved 
on,  the  crust  somewhat  stiffened,  could  not  so  freely  move,  hut  yet 
was  not  hard  enough  to  maintain  its  position.  By  friction  it  was 
carried  on  more  slowly,  but  wrinkled  transverse  to  the  force  moving 
it.  The  crumpled  layers  are  about  an  inch  thick,  but  sometimes 
two  or  three  are  infolded  upon  each  other,  making  a  crumpled  lay- 
er of  three  or  four  inches.  They  are  much  finer  and  denser  in 
grain  and  structure  than  the  beds  on  which  they  lie,  and  are  of  a 
redder  color.  The  convex  sides  of  the  wrinkles  are  upward. 
The  trap  here  is  all  of  a  dark  color,  b^  distinguished  from  the 
red  trap  and  laumontitic  amygdaloids,  and  overlies  the  red 
amygdatoids  between  here  and  Poplar  river.  The  amygdules 
are  calcite.  stilbite,  thomeonite,  with  chlorite  in  its  various  stages 
of  change.  Sometimes  embraced  in  these  wrinkled  layers  are 
lenticular  areas  or  patches,  ^  inch  to  1^  inch  thick,  of  a  red  grit, 
resembling  the  red  sandrock  with  which  these  traps  are  associated; 
and  within  the  amphitheater,  near  the  wat«r  on  the  north  side,  is 
an  irregular  triangular  patch  of  ferruginous,  thinhedded  shale,  it- 
self amygdaloidal,  lying  under  a  layer  of  dark  trap  and  over  the 
beds  that  show  these  wrinkled  surfaces.  Five  layers  of  alterna- 
ting trap  and  amygdaloid  are  visible  between  the  lake  and  the  first 
fall,  somewhat  less  than  \  mile  up  the  river. 

166.  Heavy,  dark  trap,  forming  the  gate  to  the  amphitheater 
at  Temperance  river,  from  the  top  of  the  bluff,  22-25  feet. 

167.  Uchery,  red,  shaly  beds  of  grit  in  a  niche  in  the  disturbed 
amygdaloid  under  the  beds  of  No.  166,  0  to  3  feet;  with  fine  ar- 
gillaceous films. 

168.  Amygdaloid  of  calcite;  same  as  the  next,  hut  taken  higher 
in  the  beds. 

169.  Upper  surface  of  an  amygdaloid  layer,  rising  like  a  dome 
near  the  water,  exposing  3  feet. 

170.  Wrinkled  upper  surface  of  an  amygdaloid  layer,  from  near 
the  mouth  of  the  river. 

171.  From  the  lowest  layer  exposed  at  the  falls,  about  one  mile 
up  Temperance  river:  outwardly  a  trap  undistinguishable  from  all 
the  rest  at  Temperance  river.  This  fall  is  on  N.  W.J  sec.  30 
where  a  little  creek  joins  the  rivet  from  the  northwest. 

The  gorge  of  this  river,  and  the  falls,  taken  with  the  cascades, 
the  potholes  and  the  rapid  descent,  are  altogether  a  most  remarka- 
ble combination  of  picturesque  river  erosion.     They  are  in  the 
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midst  of  inaccessible  and  wild  scenery.  The  gorge  is  so  narrow  it 
can  be  stepped  across,  the  only  danger  being  to  secure  footing  on 
the  other  side,  for  a  failure  would  precipitate  a  man  down  a  gorge 
from  50  to  100  feet  into  a  foaming  river.  In  one  part  of  this 
gorge  which  is  about  60  rods  long,  are  sereral  perpindicular  falls 
of  the  water,  some  of  them  being  into  large  potholes,  &om  which 
the  water  whirls  and  plunges  downward  obliquely  into -others. 
Some  of  the  abandoned  potholes  are  on  the  rock  a  hundred  feet 
above  the  water,  and  some  are  even  outside  the  river  gorge,  and 
show  where  the  river  has  acted  formerly. 

172.  About  I  mile  below  the  mouth  of  Temperance  river;  from 
a  layer  of  trap  that  weathers  green,  is  irregularly  bedded  and  in 
spots  is  amygdaloidal.  This  is  a  little  higher  than  No.  166,  in  the 
bedding,  but  at  points  further  east,  and  particularly  at  a  point  about 
I  mile  east  of  Temperance  river ,  seems  to  hold  large  globular 
masses,  as  if  of  boulders,  and  at  other  places  seems  to  be  conglom- 
eritic  in  the  same  way.  Noe.  167  and  168  become  a  thinly  bed- 
ded ataiygdaloid  running  along  the  shore  between  No.  166  and 
No.  169. 

172.  A.     Slickensided  stilbite,  from  this. 

173.  N.  E.  Cor.  Sec.  28,  T.  59,  4.  In  a  little  stony  bay  facing 
N.  E.  This  bay  ia  partly  shut  in  by  a  projecting  trap  point  run- 
ning N.  E.,  from  which  this  number  k  obtained.  It  is  an  amyg- 
daloid»l  trap  containing  stilbite,  thalite,  calcite,  with  some  laumon- 
tite  in  amygdules  and  in  nests,  and  joints.  The  stilbite  occupies 
the  linger  eiivities,  or  linen  them,  the  thalite  being  as  filting  to 
amygdules  or  in  geodes  of  stilbite.  The  rock  itself  is  roughly 
bedded,  and  dips  toward  the  lake  at  an  angle  of  about  10  degrees. 

173  A.     Stilbite,  taken  from  No,  373. 

173  B,  Weathered  stilbite  (?)  from  the  beach  in  the  bay  on 
Sec.  28,  near  No.  173. 

174.  At  five  miles  from  Temperance  River  (Sec.  12,  R.  4.  T. 
59.)  the  bluffs  rise  from  20  to  40  feet,  and  are  made  up  of  trap  and 
amygdaloid,  sometimes  having  the  globuliferous  jointage  noted 
near  Temperance  River;  the  amygdaloid  also  sometimes  being  con- 
glomeritic,  containing  harder  masses  of  more  compact  rock;  still 
somewhat  amygdaloidal;  and  a  ferruginous  sandstone  which  seems 
rather  to  fill  veins  and  irregular  cavities.  There  is  much  calcite 
and  laumoutite  in  this  amygdaloid.  The  samples  with  this  num- 
ber are  of  the  more  compact  rock  in  the  amygdaloid,  and  of  the 
sandstone.  There  are  many  deep  purgatories  and  arched  passages 
and  buttressed  porches  along  here.     The   globuliferous  jointage 
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noted  is  not  due  to  the  existence  of  boulders  in  the  mass,  but  to  a 
natural  separation  of  the  bed  along  conchoidal  or  curving  surfaces, 
as  it  prepares  to  disintegrate.  These  all  dip  toward  the  lake  about 
15  degrees. 

175.  At  six  miles  (about)  east  of  Temperance  River  (the  coast 
ai\  the  way  from  that  river  being  continuously  rocky  with  the 
same  as  seen  at  Temp.  R.),  the  couglomeritic  beds  appear  on  the 
coast.  Here  they  are  more  distinctly  conglomeritic  than  at  other 
pointa.  Some  of  them  contain  angular  and  somewhat  rounded 
masses  of  different  texture,  though  not  of  much  different  color  or 
composition  from  the  mass  of  the  rock.  Here  there  are  also  lumps 
of  amygdaloid  contained  in  a  red  sandrock,  the  amygdules  being 
largely  of  calcite  and  laumontite:  but  the  sandstone,  which,  how- 
ever, is  hardly  gritty,  but  ferruginous  and  alnminous,  makes  up 
less  than  one-half  of  the  mass.  These  beds  (No,  175)  are  about 
six  feet  thicK.  They  are  overlain,  in  an  oblique  upward  strike 
froi  1  the  water,  by  a  bed  of  trap  un  distinguish  able  from  the  trap 
that  occurs  frequently  along  here,  and  are  underlain  by  the  next. 

176.  A  tough,  thin-bedded  rock,  containing  much  iron,  and 
having  a  red  mineral  (henluudite  V)  separating  its  frequent  joints, 
so  as  to  appear  blood-red  on  approach,  or  spotted  hlood-red.  Its 
general  color  ia  dark-brown  or  blnck,  and  it  is  seamed  with  calcite, 
henlaudite  and  laumontite.  the  second  including  the  other  two  as 
between  the  walls  of  a  vein,  the  veins  being  rarely  more  than  J 
inch  in  thicknes-s.  It  is  finely  amygdaloidal  with  the  same  min- 
erals; 22  feet  thick:  resembles  the  Two  Harbor  rock. 

177.  Is  another  bed  of  amygdaloid  and  sandstone,  eight  feet 
thick,  underlying  No.  176.    (See  No.  626). 

178.  Shows  four  feet,  but  beyond  at  another  bluff,  rises  so  as 
to  show  ten  feet.  It  is  a  less  amygdaloidal  state  of  No.  177,  and 
lies  below  No.  177.  The  last  two  numbers  are  got  about  fifty  rods 
east  of  Nos.  175  and  176.  Ther^  ia  an  isolated  pillar  of  No.  17« 
standing  on  a  broad  pedestal  rising  about  twelve  feet  high,  about 
forty  feet  from  the  shore. 

Round  the  next  little  point,  about  20  rods  further,  these  beds  are 
broken  and  confused,  the  dip  changing  to  the  southwest.  There 
are  here  broken  upward  bends,  or  domea,  of  soft  amygdaloid  that 
encroach  on  No.  176  so  as  by  weathering  to  make  deep  purgatories 
with  buttresses  of  No.  176  separating  them.  After  a  short  inter- 
Tal  the  beds  go  back  again,  and  retain  their  usual  dip  toward  the 
lake.    (Compare  No.  626). 
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179.  Comes  in  below  these  amaygdaloids,  at  about  a  mile  west 
of  Poplar  river;  a  greenish  heavily  bedded  doleryte;  nsing  about  10 
feet  and  returiiiDg  near  the  water,  as  the  coast  line  crosses  the 
strike  of  the  beds.  The  coast  between  Temperance  and  Poplar 
rivers  is  Tery  picturesque  and  interesting,  but  difBculfc  for  small 
boats.  The  trap  and  amygdaloids  take  a  thousand  fantastic  shapes, 
as  the  line  of  the  lake  level  cuts  across  the  undulations  of  their 
bedding  and  change  of  dip.  Sometimes  the  bridge  of  trap,  as  it 
rans  down  to  the  lake,  is  entirely  eaten  under,  forming  deep  pur- 
gatories; or  it  sometimes  breaks  down,  leaving  islands  of  rock  just 
off  the  line  of  coast.  Sometimes  island,  bridge,  and  all  are  taken 
away,  and  the  waves  break  on  the  base  of  a  high  blulf  that  often 
rises  perpendicularly  from  the  water,  or  is  skirted  by  a  little  short 
pebbly  beach,  a  rod  or  more  inside  the  line  of  islands. 

180.  Prom  the  middle  island  at  the  mouth  of  Poplar  river. 
Here  the  strike  of  a  heavy  layer  of  trap  runs  along  the  shore;  but 
about  six  rods  lakeward  it  exists  as  islands  and  a  reef  left  by  the 
waves,  thus  enclosing  a  small  and  imperfect  harbor  for  small  boats; 
contains  thomsonite. 

181.  Underlies  Ko.  180  and  does  not  vary  much  from  it,  ex- 
cept in  being  more  evenly  and  more  thinly  bedded;  and  in  separat- 
ing into  closer  joints,  so  as  to  d^ntegrate,  leaving  No.  180  to 
stand  alone,  and  really  causing  its  more  rapid  demolition.  Mos. 
180  and  181  form  substantially  one  rock,  and  are  both  what  has 
been  styled  trap  along  here.  In  weathering  they  become  very 
rusty,  when  not  under  friction,  and  brick-red,  crumbling  in  little 
red  globules.     These  beds  are  24  ft.  thick. 

182.  Ih  directly  under  No.  181,  and  is  a  shaly,  red,  easily  cramb- 
ling  rock,  apparently  of  not  uniform  thickness,  but  in  one  place, 
is  about  8  ft.  thick;  on  the  east  of  Poplar  river  associated  with  a 
red  conglomerate. 

183.  A  highly  amygddaloidal  rock,  exposed  below  No.  182,  but 
ascending,  at  other  places  when  exposed,  so  as  to  "pinch"  out  No. 
182,  and  almost  uniting  with  No.  181.  This  crumbles  and  gets 
brick-red  on  weathering  on  the  beach.  Noa.  182  and  183  seem  to 
be  the  equivalents  of  Nos.  175,  176  and  177,  but  there  is  here  no 
layer  like  No.  176. 

184.  A  vein  of  breccia  (?)  about  18  or  20  inches  wide  crosses 
the  face  of  a  crumbling,  greenbh  trap,  running  N.  40°  £.;  sim- 
ilar to  u  rock  that  seems  to  have  been  embraced  in  the  vein;  ^  mile 
east  of  Poplar  river.  This  vein  is  nearly  white  and  is  made  up  of 
calcite,  thomsonite  and  laumontite. 
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185.  Laumontite  and  ailbite;  each  associated  with  calcite,  oc- 
cur in  large  nesta  in  the  rock,  of  aboat  the  same  beds  as  183,  at  3 
miles  east  o£  Poplar  river. 

188.  A  little  farther  east  can  be  seen  a  very  interesting  instance 
of  the  manner  of  weathering  of  the  trap  beds.  This  is  similar  to 
what  has  been  mentioned  before,  and  styled  globnliferous.  The 
rock  seems  to  decay  to  a  considerable  depth,  and  to  assume  a  glob- 
nlu'  structure,  the  little  globules  being  rough  exteriorly,  and  gen- 
erally about  J  inch  across.  This  cannot  be  due  wholly  to  any 
peculiarity  of  circumstance  in  exposure,  since  here  we  have  an 
opportunity  to  see  alternations  of  rough  and  globular  weathering 
and  of  smooth  weathering  alternating  in  beds  one  above  the  other, 
the  beds  being  otherwise  outwardly  undistinguishable.  The  rough 
and  globular  layers  show  these  characters  both  near  the  water  and 
also  as  they  rise  obliquely  across  the  bluff,  and  the  same  is  true  of 
the  smooth  weathering  layers.     Samples  show  both. 

187.  An  amygdaloid  containing  amygdules  of  zeolitic  miner- 
als, as  stilbite  and  thomsonite,  as  well  as  delessite.  Some  of  the 
crystalline  nests  are  large,  the  thomsonite  appearing  agatelike. 
Some  of  the  thomsonite  is  of  the  variety  lintonite.  This  is  at 
Eclipse  Branch.     [V.  625]. 

188.  A  greenish  dolertye  that  weathers  softer,  slippery  and 
smooth.  It  occurs  suddenly  at  first,  on  a  point  running  N.  E. 
(Eclipse  Beach),  and  enclosing  a  little  bay,  being  a  bed  of  over- 
flow of  igneous  rock.  It  embraces  corrugated  surfaces  like  those 
seen  at  Temperance  river,  especially  at  points  a  little  further  east 
where  it  becomes  closely  associated  with  No.  187,  which  it  over- 
lies. It  seems  to  embrace  parts  of  Ko.  187,  and  then  to  take  its 
place.  The  corrugated  areas  are  small,  the  wrinkles  curving^  and 
being  in  various  directions,  sometimes  like  an  inverted  basin.  (The 
equivalent  to  No.  623). 

With  various  unimportant  alterations  between  187  and  188,  or 
rock  undistinguishable  from  them,  but  with  a  dip  toward  the  lake 
of  8°  to  15°,  the  coast  continues  rocky  from  the  last  point  to 
Cariboo  Point,  (sometimes  styled  Black  Point),  and  generally  low, 
with  only  occasionally  a  bluff  rising  10  or  15  feet.  At  Spruce 
river  a  high  bluff  rises  along  the  right  bank  near  the  mouth. 

189.  Cariboo  Point,  S.  Wi  Sec.  11,  T.  60.  R.  2.  The  rock  of  the 
point  is  represented  by  this  number,  and  is  of  the  same  horizon 
as  No.  188.  On  the  east  side  of  the  point  this  rock  is  basaltic 
radiatingly,  and  shows  a  thickness  of  8  to  12  feet.  The  basaltic 
columns    gradually    give  way  to  a  bedded  stricture  toward  the 
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north.  Id  some  places  it  is  fine-textured,  especially  near  the  top, 
and  there  shows  ihe  corrugations  of  surface  that  has  been  sup- 
posed to  be  old  lav»-cni8ts;  but  generally  these  are  smoother  than 
those  seen  at  Temper&ace  river.  This  dips  toward  the  take  at  an 
angle  of  about  10*^  and  lies  on  the  next. 

190.  A  browniah-red  sandstone,  or  shale,  so  fragile  as  to  fall  to 
jHeces  by  handling;  within  the  bay  inclosed  by  Cariboo  Point. 
This  has  a  cross-lamination,  and  toward  its  junction  with  No.  189 
is  mach  less  siliceoas,  and  more  aluminous  for  a  thickness  of  about 
12  feet.  Its  dip  causes  it  to  diu^pear,  and  its  fragile  character  to 
become  covered,  within  four  rods  of  its  first  appearance,  under  Ko. 
189.  It  re-appears  slightly  about  16  rods  within  the  bay,  having 
the  same  dip.  Then  for  a  little  more  than  \  mile  the  coast  is  low 
Nid  only  pebbly.  Beyond  that,  however,  the  shore  shows  the  same 
rock  again  as  on  the  west  of  Cariboo  Point,  though  at  first  appear- 
ing more  brecciated  or  conglomeritic.  This  sandstone  layer)  No. 
190),  is  doubtless  the  same,  or  very  nearly  on  the  same  horizon  as 
aome  of  the  laumontitic  amygdaloids  so  frequently  seen  further 
west,  the  conditions  of  metamorphism  at  this  place  not  having 
been  such  as  to  convert  it  to  amygdaloid.  It  ia  plain  that  not  much 
heat  accompanied  the  overflow  of  No.  189,  as  it  seems  not  to  have 
afl^ted  No.  190,  the  transition  being  abrupt  from  one  to  the  other. 
(See  after  No.  293). 

191.  The  rock  which  first  appears  on  the  east  of  Cariboo  bay 
continues  to  Cascade  river,  forming  a  line  of  low  coast.  This 
number  represents  it  at  Cascade  river.     It  there  overlies  the  next. 

192.  A  reddish-brown  amygdaloidal.  finer-grained  rock  than 
Mo.  191 ;  forms  a  low  outcrop  on  the  right  bank,  near  the  mouth. 

Trap-rock,  like  No.  191,  occupies  the  coast,  without  any  inter- 
mixture of  amygdaloid,  forming  a  low,  dark,  coast-line,  to  the 
point  half  way  between  Cascade  river  and  the  point  on  the  west  of 
Good  Harbor  Bay.  At  this  midway  point  No.  191  is  broken  into, 
allowing  the  formation  of  a  deep  bay  (Lover's  Bay),  while  its  di- 
rection near  the  lake  level  can  be  seen  in  a  small  island  east  of  the 
point.  Under  No.  191,  within  this  bav.&re  beds  of  less  firm  rocks 
which  by  the  erosion  of  the  lake  cause  the  destruction  of  the  ovei^ 
laying  beds,  which,  as  the  dip  rises,  make  the  top  of  the  bluff  at 
the  head  of  the  bay,  rising  50  or  60  feet.  This  bed  is  greenish- 
black  and  cont^na  thomsonite;  sometimes  basaltic  and  sometimes 
bedded,  with  a  few  spots  of  enclosed  reddish  amygdaloid.  In  other 
places  the  dolerjrte  itself  more  compact  and  of  a  reddish-brown 
«olor  in   patches,  as   if  brecciated  or  irregularly  cooled,   show* 
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lavoi-cniatii  and  included  angular  and  rounded  masses.  In  thesa 
places  the  surfaces  are  firm,  rough,  and  manj-jointed.  In  other 
parts  the  dork  green  color  returns,  and  the  rock  weathers  smooth 
under  friction,  but  in  the  weather  only  it  crumbles.  A  lower  bed 
of  amygdaloidat  trap,  with  purgatories,  generally  low,  but  rising 
near  Terrace  Point  to  18  or  25  feet  in  height,  extends  from  Lover's 
Bay  to  Qood  Harbor  Bay.  Near  Terrace  Point  it  presents  much 
the  character  and  confused  composition  as  seen  at  Lover's  Bay,  be- 
ing reddish-brown  and  brecciated.  the  top  being  more  dark  and 
firm,  like  a  true  doleryte,  and  containing  thomsonite. 

198.  This  is  from  the  very  point,  which  sharply  encloses  Oood 
Harbor  Bay;  a  green-weathering  doleryte,  containing  thomsonite. 
(V.  No.  535.)  This  dips  conspicuously,  and  overlies  a  brown  sand- 
stone, or  shale,  which  also  dips  toward  the  lake  and  runs  14  hun- 
dred feet  along  the  shore. 

194.  Brown  sandstone,  from  Oood  Harbor  Bay;  aluminous;  bj 
making  measurement  along  the  beach  the  outcrop  b  found  to  ex- 
tend 1400  feet,  with  an  average  dip  of  S^  degrees  toward  the  lake; 
by  trigonometrical  calculation  the  thickness  of  the  strata  is  ascer- 
tained to  be  206.9  feet,  as  exposed,  but  the  thickness  must  be  con- 
siderably more,  owing  to  the  non^exposure  of  rock  in  an  interval 
of  nearly  1000  feet  before  the  underlying  firm  beds  appear  in  the 
beach  further  north.  This  is  probably  the  equivalent  of  the  sand- 
rock  at  Cmboo  Point,  but  may  be  another  stratum.  It  is  very 
frail  and  although  sometimes  a  little  slaty  it  will  easily  fall  to 
pieces  if  taken  in  the  hand. 

Ids.  Is  a  firm  hut  porous  amygdaloid,  the  pores  and  seams  some- 
times being  quartz-filled,  and  iron  coated.  From  the  north  side  of 
the  first  little  creek  in  Good  Harbor  Bay,  underlying  No,  194,  but 
not  immediately.  Very  soon  the  shore  becomes  rocky  with 
a  brown,  rough  rock,  irregularly  jointed  and  compact,  appeal^ 
ing  like  that  at  Two  Harbor  Bay.  This  soon  becomes  irregu- 
larly mixed  with  the  usual  doleryte  which  extends  to  the  second 
little  creek,  where  there  is  a  short  pebbly  beach.  The  same  rocfcs 
soon  return.  The  shore  is  rocky  nearly  all  the  way  then  to  the 
point  that  encloses  the  bay  in  which  Fall  river  empties. 

196.  From  the  rocky  island  off  the  point  that  encloses  Oood 
Harbor  bay:  a  doleryte  containing  stilbite;  similar  to,  and  in  the 
line  of  bearing  of  No.  193. 
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197.  A  reddish  brown  rock,  closely  jointed,  and  alao  breaking 
ah&rply  with  a  conchoidal  fracture;  very  rough  exteriorly,  i.  e. 
with  sharp  projecting  angles  that  tear  the  boots,  but  not  porous  or 
open;  forms  the  point  and  coast  line  first  east  of  Good  Harbor  bay, 
east  of  Xo.  195. 

198.  After  passing  a  little  point  and  a  bay  facing  east,  a  green- 
weathering  rock,  finely  jointed,  and  having  an  interior  brown 
color,  appears  along  the  shore,  and  finally  shows  a  basaltic  struc- 
ture and  coarser  grain  near  Fall  river,  where  it  stands  out  in  the 
beach,  and  was  illustrated  in  Norwood's  report.  Samples  are  from 
the  basaltic  parts.  At  some  places  the  rock  along  here,  west  of 
Fall  river,  is  slaty,  and  has  a  green  color.  Rock  Ko.  198  extends 
to  Grand  Marais,  generally  showing  its  basaltic  colamns ;  bui 
along  the  beach  at  one  point  having  an  smygdaloidal  red  rock  be- 
low it. 

199.  The  same  as  No.  198  ;  from  the  basalt  at  Grand  Marais, 
Contains  plagioclase,  diallage,  magnetite,  hiematite,  ferrite,  apa- 
tite. 

200.  Samples  of  copper>bearing  green-stone  (gabbro),  from  N. 
W.  i.  Sec.  24,  T.  61,  R.  1  W.,  up  Fall  river.  This  heavj-bedded 
rock  has  slickensided  seams,  or  thin  filling  between  layers.  These 
seams  contain  much  chloritic  mineral  (delessite  V),  some  layers  of 
it  being  4  inch  thick,  with  stilbite  closely  mixed  with  it,  and  also 
small  quantities  of  calcite ;  the  copper  occurring  in  the  massive, 
hard  greenstone,  or  doleryte,  in  the  form  of  thin  spangling  sheets 
once  or  twice  the  thickness  of  paper,  or  even  J  inch  thick.  The 
sheets  sometimes  embrace  three  or  four  square  inches  in  area. 
This  location  was  wrought  by  Johnson  &  Maguire  in  the  summer 
of  1876,  and  the  face  of  the  rock  shows  perpendicularly  about  18 
feet.     It  probably  exists  as  a  dyke. 

200  A.  Concretionary  masses  within  No.  200,  apparently  hav- 
ing a  large  amount  of  diallage  (?)  with  olivine,  orthoclase  and  a 
white  radiated  zeolite,  like  prelinite.  These  concretions  are  per- 
haps produced  by  the  inclusion  of  fragments  of  No.  201  in  No. 
200,  when  the  latter  was  in  a  fluid  state. 

201.  This,  which  is  cut  by  No.  200,  is  the  palisade  rock,  but 
has  fewer  of  the  translucent  crystals  of  adularia  than  the  Pali- 
sades themselves.  It  is  properly  styled  a  porphyritic,  orthoclastic 
felsite.     It  is  from  the  mine  on  Fall  river. 

202.  Green,  coarse  doleryte,  round  the  east  point  of  Grand 
Marais:  a  low  exposure  in  the  coast  line;  with  concretions  or  in- 
clusions of  a  finer  grain.    This  terminates  rather  abruptly  on  the 


byGoO'^lc 


STATE  QEOLOOIST.  63 

«aat,  somewhat  like  a  djke  when  in  contact  with  No.  203;  bat  it 
is  not  basaltic,  nor  is  the  contact  abrupt.  Number  202  and  208 
change  colore  gradually,  and  in  fragments  are  mixed  through  a 
breccia  of  three  or  four  feet  wide. 

303.  Besembles  No.  201,  and  is  much  like  the  Palisade  rock. 
It  fnrniBhes  pebbles  for  the  beach  which  are  atrewn  all  along, 
making  the  beaches  at  Gnind  Maraia.  Dips  5  to  15  degrees 
toward  the  lake,  or  by  the  coincidence  of  the  coast  lice  it  appears 
sometimes  nearly  horizontal.  Sometimes  it  resembles  the  siliceous 
gray  slates  of  Beaver  Bay,  No.  127.  (t.  528).  Under  the  micro- 
scope in  a  thin  section  this  rock  proves  to  be  an  orthoclastic  red 
felsite.  There  are  mono-clinic  crystals  of  orthoclase  in  a  trans- 
lucent material,  as  well  as  sometimes  large  areas  of  orthoclase 
which  show  a  uniform  clearage  and  direction,  as  if  belonging  to 
one  crystal  in  the  general  felsitic  mass;  but  in  general  the  felsitic 
mass  is  clouded  simply  by  ferrite,  and  not  distinctly  crystallized; 
or  in  the  thinner  portions  of  the  section  it  is  porphyritic  with 
sections  of  fine  tabular  crystals.  These  very  generally  darken 
when  about  parallel  with  either  spider  line,  but  not  always. 

208.  A.    From  a  vein  of  laumontite  in  No.  203. 

aciK  (  Transition  rocks  in  the  order  numbered,  between  Nos. 
l^^-  I  202  and  203. 

207.  A  doleryte  like  No.  202  which  suddenly  comes  in  crossing 
the  beds  of  No.  203,  forming  a  little  point  in  the  coast.  This  dyke 
is  about  200  feet  wide,  and  gives  place  to  the  beds  of  203  again  on 
the  east. 

These  run  perhaps  500  feet  when  another  similar  dyke  crosses 
them.  There  are  six  such  within  a  mile  along  here,  and  some  are 
basaltiform  obliquely.    They  run  E.  15*  S. 

208.  This  rock  occurs  much  like  a  dyke  at  first  with  perpen- 
dicular jointage,  or  basaltic  structure  in  beds,  but  soon  larger 
bedding  crossing  these,  cut  it,  and  cause  the  rock  to  all  appear 
bedded.  This  is  fine^puned  and  brown,  and  is  about  25  rods  &om 
the  last  of  the  dykes  already  mentioned.  This  becomes  a  bedded 
rock,  like  similar  beds  seen  before,  having  sometimes  the  appear- 
ance of  the  Two  Harbor  rock.  It  slopes  toward  the  water.  Just 
beyond  the  mouth  of  the  third  little  creek  (on  the  Lake  Survey 
Chart)  these  beds  become  disturbed  and  brecciated  and  even  tipped 
in  the  other  direction  (S.  W.)  and  are  crossed  by  a  dyke  of  doleryte 
like  No.  207,  about  18  feet  wide.  Previous  to  this  (further  west) 
they  show  patches  amygdaloidal ;  but  just  on  the  east  of  this  dyke 
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there  is  much  amygdaloid  with  laumontite.  Jvst  before  reaching  the 
mouth  of  the  fourth  creek  another  dyke  like  207  crosses  these  beds 
mnning  in  the  same  direction  an  those  before  seen,  and  throwing 
np  the  firm  heavy  beds  of  No.  208  at  a  high  angle.  This  dyke  ia 
basaltic  perpendicular  to  these  beds  by  being  cooled  by  them. 
This  last  larger  dyke  is  only  exposed  near  the  water,  and  its  exact 
contact  with  No.  208  is  invisible.     It  is  exposed  about  fifty  feet. 

209.  This  is  from  still  another  similar  dyke  of  doleryte  cutting 
these  beds,  or  intetbedded  in  them  ;  the  columns  sloping  obliquely 
inland.  This  is  prominent  and  conspiciously  basaltic  perpendicu- 
larly to  the  highly  tilted  beds  of  No.  206.  This  dyke  or  bedded 
trap  rock  runs  nearly  E.  and  W.,  No,  208  dipping  into  the  lake  at 
an  angle  of  about  46"  in  patches  perhaps  20  rods,  becoming  less 
conspicuous  toward  the  east,  and  at  last  disappears  a  few  rods  west 
of  the  mouth  of  the  Devil's  Track  river  under  a  low,  red,  pebbly 
beach,  the  pebbles  being  from  No.  203,  which  here  appears  again. 
This  beauh  continues  for  amile  or  more,  occasionally  allowing  the 
exposure  of  the  rock  in  place,  to  the  S.  E.  comer  of  Sec  8,  T.  61, 
R.  2,  £.,  where  appears  in  the  midst  of  the  shingle  of  the  beach  a 
different  rock,  viz: 

210.  This  is  in  a  low  exposure.  It  is  a  firm,  smooth-weather- 
ing rock,  with  a  brown  color  and  has  an  abundant  green  mineral; 
apparently  one  of  the  igneous  beds. 

211.  Is  from  the  same  beds  as  No.  210,  but  from  the  point  next 
west  of  Kimball's  creek,  known  aa  Cow's  Tongue  Point.  These 
beds  here  rise  about  18  feet,  shutting  in  a  bay  that  faces  east. 
This  point  ia  on  S.  E.  J,  Sec.  9,  and  the  coast  is  rocky,  with  the 
same  rock  from  No.  210  to  this  place. 

212.  After  ((short  red-pebbly  beach,  in  this  bay,  this  number 
appears  in  low  outcrop,  and  is  the  same  redrock  as  No.  208,  show- 
ing here  nearly  a  horizontal  bedding,  running  below  No.  211. 

213.  From  the  extremity  of  Fish-hook  Point,  near  the  center  of 
Sec.  16,  T.  61,  R.  8  E..  eleven  miles  from  Grand  Mar^. 

314.  Similar  to  No.  213.  Prom  Sec.  1.  T.  61,  R.  2  E.,  at  the 
mouth  of  a  little  creek,  west  of  No.  313. 

315.  Half  a  mile  west  of  Fish-hook  Point.  These  three  nnm- 
bers  (213.  214,  215)  all  appear  to  be  modified  forms  of  No.  208. 
Fish-hook  Point  was  formerly  an  island,  but  the  lake  has  formed 
a  continuous  beach  deposit  running  north,  and  enclosing  triangu- 
larly a  lagoon,  as  well  as  toward  the  S.  W.  The  rock  here  resem- 
bles the  rock  No.  212  in  mineral  composition  and  aspect,  and  is 
probably  closely  associated  with  it,  but  its  structure  is  different. 
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It  is  fissile,  but  generally  only  horizontally  bo,  or  with  an  oblique- 
ness to  the  real  bedding,  which  dips  gently  toward  the  lake.  It  ia 
firm  t^i^inst  the  hammer  and  against  the  weather,  but  is  filled 
with  old  cracks  and  joints  that  make  it  almost  impossible  to  get  a 
fresh  break.  It  has  a  red  color  outwardly,  like  the  rest  near  the 
water,  except  in  the  Joints,  which  are  blue-black  with  iron-shot 
{as  Norwood  describes  such);  but  away  from  constant  wave-action 
it  is  black.  It  is  finely  porpbyritic,  with  stellar  spangles  of  felds- 
par, and  with  isolated  crystals  which  weather  nearly  white. 

214.  Is  of  similar  rock,  but  more  firm  and  crystalline,  weather- 
ing red,  and  having  some  white  amygdules.  This  has  a  low,  in- 
conspicuous outcrop,  like  others  of  No.  203,  running  along  two  or 
three  hundred  feet  and  dipping  a  little  south  of  east.  Number 
215  ia  from  a  little  point  within  the  broad  bay,  nearly  on  the  west 
side  of  the  same  section,  where  it  rises  about  6  feet,  and,  running 
along  the  beach  three  or  four  hundred  feet,  weathers  red,  like  the 
rest,  furnishing  some  of  the  beach  pebbles  of  that  color,  In  the 
lake  opposite  Noa.  214  and  215  can  be  seen  a  basaltic  rock  off  shore, 
which  does  not  appear  on  the  beach  and  may  be  the  extension  of 
Nos.  210  and  211  forming  Cow's  Tongue  Point. 

216.  Is  a  greenish- brown  rock  with  curling  internal  structure, 
containing  quartz  and  amethystine  nests,  from  the  westerly  of  the 
two  little  points  west  of  Brule  river,  and  before  reaching  either 
island,  where  a  little  stream  enters  the  lake.  It  is  a  short  outcrop 
rising  about  5  feet  in  the  midst  of  a  red  beach.  This  is  an  igneons 
rock;  and  the  next  point  is  of  the  same,  also  the  little  blond  off  it, 
which  is  in  the  line  of  hearing. 

217.  In  the  midat  of  a  red  beach,  extending  from  the  last  point, 
is  an  occasional  exposure  of  this  red  rock,  which  within  is  brown- 
ish-red, fine-grained,  and  has  the  same  purplish  quartz  {?),  as  noted 
in  No.  216,  in  round  amygdules,  yet  is  plainly  different  from 
No.  216.  It  belongs  to  the  modified  sedimentaries  of  the  kind 
like  the  Good  Harbor  rock.  This  is  a  conspicuous  outcrop  within 
the  bay  between  two  streams.  The  strike  of  the  trap  (No.  216), 
can  be  seen  under  the  water  of  the  bay 

218.  The  rock  of  the  point,  near  the  Brule  river,  off  which  lie 
the  principal  islands.  This  is  a  brown,  conchidally  fracturing  rock, 
fine-grained  or  crypto-crystalline,  with  small  quartz-lined  geodes, 
weathering  rough-angular,  and  black  when  not  under  friction. 
Back  from  the  line  of  friction,  on  the  beach,  old  weathered  surfa- 
ces are  brick-red.     This  is  very  similar  to  No.  217. 

219.  A  little  beyond  the  last  locality,  and  just  as  the  rock  dis- 
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appears  again,  it  suddenly  becomes  slaty  or  closely-jointed  and 
laminated,  dipping  S.  10°  £.,  and  more  enduring.  In  this  condi- 
tion it  forms  some  of  the  islands  near  the  beach,  and  also  rises  50 
or  more  feet  near  the  coast  back  from  the  water.  This  is  fine- 
grained aud  nearly  black,  hard  and  tough.  The  rock  of  the  main 
island,  further  out,  containing  a  few  stunted  trees,  is  more  like  No. 
21S. 

These  beds  seem  to  have  been  disturbed  by  some  upheaval,  and 
appear  in  all  respects  like  those  of  No.  208,  though  not  so  con- 
spicuously exposed.  The  doleryte  dyke  that  might  here  be  sup- 
posed on  the  north  of  this  disturbance  cannot  be  seen.  The  point 
at  the  north  of  the  little  stream  west  of  the  Brule,  and  the  little 
island  there,  are  of  the  same  rock  as  the  last. 

220.  Between  these  islands  and  the  mouth  of  the  Brule  at  a 
little  dull  point  is  a  blukh-gray  rock,  weathering  green,  fine- 
grained and  hard.  The  ontcrop  is  rather  closely  jointed  and  in 
some  spots  it  is  reddish  brown.  This  rises  about  6  feet,  but  only 
runs  5  or  6  rods.  The  beach  to  the  west  of  this  is  mainly  of  a  rrf 
color,  but  has  blue  pebbles  also  from  this  rock.  At  this  place  the 
blue  and  red  are  about  equally  common,  but  the  red  gradually  dis- 
appear in  going  east.     (V.  539). 

221.  A  short  distance  east  of  the  Brule  (perhaps  30  rods)  is  a 
coarser  rock  resembling  gabbro,  wl^ch  is  heavy  and  crystalline. 
This  is  not  certainly  a  dyke,  but  it  may  be,  its  form  and  extent  not 
being  visible.  This  rock  makes  a  fine  thin-section,  showing  coarse 
crystals  of  plagioclase  and  diallage,  with  magnetite.  The  diallage 
frequently  shows  a  fine  strintion  of  four  or  iive  belts,  crossing  tne 
body  of  a  grain,  generally  near  the  center,  having  color  like  striated 
feldspar.  But  these  strise  are  always  in  a  single  group.  The 
halves  of  the  gr^n  have  certainly  different  axes  of  elasticity,  dark- 
ening at  different  places;  hence  it  appears  twined  like  plagioclase. 
Similar  striation  appears  in  other  samples  of  rock  containing  dial- 
l^e,  and  might  be  attributed  to  a  grain  of  plagioclase  lying  under 
and  showing  through. 

222.  The  last  seems  to  overlie,  or  to  pass  into  this.  This  weath- 
ers into  a  green  color,  but  sparkles  all  over  with  what  at  first  ap- 
pears like  mica,  but  in  other  respects  it  is  like  the  last,  becoming- 
coarsely  laminated  when  weathered.  A  little  further  east  these 
two  rocks  (221  and  322)  can  be  seen  in  a  bluff  rising  about  15  feet, 
the  latter  being  under  the  former.  This  rock  continues,  with  in- 
crease of  the  characters  of  No.  221,  and  forms  two  or  three  little 
points  within  a  mile  east  of  the  Brule,  rising  sometimes  15  or  25 
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feet.  The  intervening  bays  are  occupied  by  large  rounded  boul- 
ders of  the  same,  with  little  rock  exposure  in  them,  or  they  are 
pebbly. 

223.  The  rock  of  the  last  continues  to  the  high,  round  poip.t  4 
miles  east  of  the  Brule,  and  then  becomes  basaltic  on  the  side 
facing  Sickle  Bay,  rising  about  30  feet  perpendicular  from  the 
■water;  the  intervening  coast  being  low,  sometimes  exhibiting  the 
coarse  dark  beds  of  this  rock,  but  not  becoming  basaltic.  (V.  No. 
540). 

224.  Horseshoe  Bay  bos  a  similar  basaltic  coast  line  on  the  -wtst 
side,  rising  about  60  feet.  West  of  it  are  short  stony  beaches,  the 
strike  of  the  exposed  rock  being  a  little  further  back.  Double  Bay, 
next  east  of  Horseshoe  Bay,  has  a  rocky  point,  dividing  it  into  two 
parts,  and  this  rock  is  from  this  point.  The  western  half  of  this 
bay  is  without  rock  on  the  beach,  but  the  hills  back  rise  several 
hundred  feet,  having  the  same  rock  as  the  last.  This  is  a  fine- 
grained, metamorphic,  brown  rock,  which  is  somewhat  basaltic  like 
trap,  and  also  rudely  bedded. 

225.  On  the  most  easterly  point  of  Double  Bay  is  a  crystalline 
rock  which  seems  to  embrace  the  minerals  derived  from  the  sed- 
imentaries  mingled  with  igneous  rock  material,  all  coarsely  crys- 
talline.  .(V.  No.  5). 

226.  Is  &om  an  i.<iolated  dyke-like  exposure  on  the  beach  in  the 
next  shallow  bay.  It  is  a  brown  or  reddish-brown  compact  rock, 
firmly  propbyritic,  closely  jointed  and  basaltic,  like  No.  203. 

227.  Along  the  west  aide  of  the  ridge,  or  spur  (No.  236),  is  a 
narrow  bed  or  dyke  of  fine,  blue-grey  rock,  sparingly  porphyritic 
with  red  feldspar,  leBB|enduring  than  the  rock  of  No.  226.  It  is 
nearly  invisible.  It  is  narrow,  and  its  line  of  bearing  becomes 
confused,  or  blends  with  the  rock  of  No.  226.  being  perhaps  a 
modified  form  only  of'No.  226,  due  to  different  infiuence  in  up- 
heaval, or  to  unseen  contact  with  the  accompanying  igneous  r()ck. 
This  out«rop  is  between  the  1st  and  2d  creeks  in  this  broad  bay. 

On  the  little  point  between  the  2d  and  3d  creeks  is  a  low  ex- 
posure of  rock  that  resembles  No.  223,  mainly  broken  into  bonl- 
ders.  Also  a  small  isolated  outcrop  is  just  east  of  the  3d  creek. 
otherwise  this  bay  has  a  pebbly  beach.  But  the  broad  jioint  that 
separates  it  from  Cannon  Ball  Bay,  (similar  to  Horseshoe  Bay)  has 
a  low,  rocky  beach  of  the  same  rock  as  the  last  mentioned,  viz: 

228.  A  heavy  bedded  coarsegrained  doleryte.  (V.  No.  540). 
The  east  side  of  this  bay  is  made  of  the  same  rock,  also  the  east 
point,  also  the  island  east  of  it;  the  coast  being  rocky  and  low,  or 
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rising  from  sis  to  ten  feet,  basaltic.  The  next  island,  and  the  coast 
alotig.  especially  the  points  of  the  coast,  are  of  the  same.  It  rises 
into  biisaltic  coarse  beds  in  a  sharp  point  on  the  west  side  of  Ued- 
rock  Bay,  succeeded  suddenly  by  a  red  pebbly  beacb  within  the  bay, 
stronglj'  conbrasting  with  the  dark  green  or  black  color  which  it 
suddenly  replaces,  (230). 

339.  Doleryte  like  238;  from  Red-rock  Bay,  west  of  the  red 
rock,  outcropping  in  the  midst  of  a  red  pebbly  beach;  runs  under 
the  E.  Palisades. 

330.  Red  rock  from  Red-rock  Bay.  This  resembles,  or  is  ex- 
actly the  same  as  the  Palisade  rock.  It  is  porphyritic  with  fleah- 
red  feldspar,  and  with  translucent  crystals  that  at  a  glance  appear 
like  quartz,  but  are  seen  to  be  quadrangular  in  section,  sometimes 
square,  and  to  have  a  perfei^t  cleavi^e.  The  manner  of  exposure 
is  considerably  like  that  of  No.  226  in  a  little  bay  west  of  this 
place.  This  roi'k  has  an  imperfectly  and  finely  basaltic  structure. 
file  joinbi  being  2-4  inches  apart.  The  relations  of  the  doleryte  to 
this  cannot  be  distinctly  seen,  but  that  rock  can  be  seen  to  the 
west  in  the  beach,  nod  probably  passes  below  this.  This  is  the  rock 
known  «.■*  the  eastern  Palisades.     (V.  No.  620). 

231.  From  a  dyke  of  basaltic  doleryte  a  short  distance  east  of 
the  mouth  of  the  Redrock  creek.  This  dyke  nms  E.  and  W.,  and 
is  horinontally  columnar.  It  cuts  the  roi;k  of  No.  230,  and  varies 
from  50  to  60  feet  wide.  It  is  a  fine-drained,  blue-black,  and 
weathers  greenish.     It  embraces  patches  of  the  red  rock. 

At  Red  Point,  which  encloses  a  deep  little  bay  facing  east,  and 
which  is  high  and  rocky,  with  No.  230,  another  dyke  of  the  same 
kind  as  No.  231  crosses  No.  230.  It  is  about  25  feet  wide.  No. 
230  dips  into  the  lake  here  at  au  angle  of  6  to  10  degrees.  It  is 
suddenly  discontinued  in  the  bite  of  this  bay,  the  bluff  running  m- 
land  about  20  feet  high,  the  beach  being  of  red  pebbles.  Just 
cast  of  this  bay  are  two  or  three  other  dykes  of  the  same  kind,  and 
several  islands  formed  by  them,  also  some  sharp,  narrow  points. 

233.  The  first  rock  that  appears  in  the  pebbly  beach  east  of  the 
rock  of  Red  Point,  near  a  dyke;  a  brownish-red  metamorphic  com- 
pact rock,  sometimes  with  amyj;dules  of  a  white  mineral,  coated 
with  green;  apparently  underlies  No.  230;  resembles  some  of  the 
compait  brown  rocks  seen  at  Duluth  and  at  many  intermediate 
points. 

3;S3.  From  a  dyke,  near  No.  332,  21  feet  wide,  horizontally 
columnar,  running  N.  15=  E.  and  projecting  into  the  bay  75  to  90 
feet,  of  a  blue-black  color. 
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884.  From  a  dyke  18  feet  wide  running  E.  and  W.  '■  hading" 
a  little  to  the  aouth,  crosa-coluninar,  cotemporar;  and  blending 
with  the  dyke  233,  the  structure  of  the  two  nuining  together;  of 
a  brownish-black  color.  This  rock  is  like  a  melaphyre,  but  No. 
233  is  not. 

235.  A  rock  similar  to  No.  233,  cut  by  the  dykes,  having  a  slaty 
structure  without  any  dykes;  forms  the  beach  next  north  of  the 
dyke  No.  234  which  is  out  in  the  water. 

236.  From  a  dyke  21  feet  wide;  a  fine-grained,  black  basalt, 
running  out  into  the  lake  about  250  feet,  but  sf  ten  in  the  form  of 
islands  that  occur  a  little  out  of  line.  The  basaltic  structure  of 
this  is  very  irregular.  In  some  places  it  is  fine  and  in  others  it  in 
coarse;  runs  No.  15°  W.,  being  intersected  by  the  dyke  No.  234, 
apparently  in  the  same  manner  as  No.  233. 

337.  Is  from  a  curious  isolated  mound  of  metamorphic  firm 
rock,  standing  between  the  beach  and  the  lake,  a  short  distance 
east  of  the  dyke  No.  236.  It  is  curvingly  bedded  and  laminated; 
rises  18  feet  and  extends  18  feet  on  the  beach,  shaped  like  a  hay- 
stack. It  has  a  reddbh-brown  color.  Its  manner  of  occurrence  is 
like  that  of  the  rock  No.  226. 

238.  Is  from  a  curving,  slaty  condition  of  the  same  rock,  ris- 
ing 10  feet;  there  is  much  confusion  and  twisting  of  the  slaty 

-sedimentary  beds,  the  whole  formation  being  broken  up.  Nos. 
237  and  238  continue  east  about  half  a  mile,  and  gradually  become 
more  dense,  or  non-slaty,  yet  fissile  hard,  and  angular,  crossed  by 
several  smaller  dykes  running  E.  and  W,,  or  S.  E.  and  N.  W. 

239.  Shows  the  condition  of  the  same  beds  in  process  of  this 
change.  Here  also  are  slaty  spots,  also  compact  firm  spots,  but  in- 
stead of  red  the  general  color  is  brown,  weathering  faint-redin  the 
old  joints  when  freshly  separated. 

240.  A  reddish- brown,  fine-gr.uned rock,  breaking conchoidally. 
but  a  further  metamorphic  condition  of  No.  235. 

241.  Still  further  changed,  becoming  black,  and  almost  undis- 
tinguishable  from  fine  basalt. 

242.  Next  appears  a  dyke  about  100  feet  wide,  cutting  tliese 
beds,  running  nearly  E.  and  W.  This  seems  to  have  spread  large- 
ly, at  least  in  its  effects,  on  either  side,  and  the  adjoining  rock  ap- 
pears like  basalt,  but  still  seems  to  be  only  a  changed  condition  of 
No.  235. 

Nos.  232  and  235  and  their  modifications,  run  under  No.  230. 
There  are  spots  in  No.  235  th&t  appear  like  the  aluminous  mud- 
spots  seen  iu  No.  194. 
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The  alternating  phases  of  Xos.  239,  240  and  341  cotitmne,  with 
oocasional  dykes,  or  overflows  of  rock  like  No.  242  to  Deronda 
Baj.  appeariag  like  the  Two  Harbor  rock. 

243.  From  the  west  point  of  Deronda  Bay:  a  finegrained, 
Itard.,  nearly  black  homogeneous  rock,  of  doubtful  origin;  probably 
one  of  the  forms  of  the  rock  235,  &c.  It  is  rather  bedded,  but  not 
basaltic,  and  lies  on  an  amygdaloid,  viz: 

244.  A  reddish-brown  amygdaloid,  with  green  amygdules  ir- 
regularly passing  into 

245.  Which  is  of  the  same  color  but  has  nests  of  a  lighter 
mineral,  and  is  mainiy  a  non-amygdaloidal  rock.  Just  west  of  the 
west  point  of  Deronda  Bay  is,an  island  of  basalt,  near  the  shore, 
mainly  made  up  of  rock  like  Nu.  342,  in  an  arched  position,  the 
waves  having  eaten  under  the  arch  into  the  softer  beds  producing 
a  natural  bridge.  The  head  of  Deronda  Bay  has  a  pebbly  beach, 
but  the  east  side  is  rocky,  with  a  dyke  that  "hades"  to  the  south 
and  is  thirty  feet  wide,  running  nearly  east  and  west,  and  cutting 
rock  like  244  and  245  (or  246  and  247),  there  weathering  out  as 
purgatories,  and  lying  nearly  horizontal. 

246.  About  I  mile  east  of  Deronda  Bay  at  the  mouth  of 
another  little  creek  is  a  bluff  of  rock  made  up  of  Nos.  246  and 
247.  hut  running  hut  a  short  distance.  Number  246  is  soft  and 
green  with  con^siderable  procholorite.  (?)  The  lower  ten  feet  of 
thiii  are  somewhiit  amygdaloidal  with  calcite  and  quartz,  coated 
with  green,  but  the  upper  fen  feet  are  massive  or  heavily  bedded, 
but  breaking  easily  into  .sheets;    overlies  the  next. 

247.  Amygdaloid;  rock  tike  the  last  hut  having  a  more  amyg- 
daloidal  character. 

246.  A.  Calcite,  saccharoidal  and  flesh-colored  from  246, 
These  beds  dip  S.  about  12  degrees.  East  of  Deronda  Bay  the 
second  little  sharp  point  is  caused  by  rock  like  No.  246  dipping  S. 
rising  10  feet.  The  third  little  point,  which  occurs  after  a  pebbly 
beach  of  half  a  mile,  is  produced  by  a  wide  doleryte  dyke  running 
E. 10=  S. 

248.  Is  from  this  dyke,  which  has  an  indefinite  width,  at  least 
21)0  feet.  This  rock  is  porphyritic,  hard  and  massive.  On  the 
north  side  its  contact  is  a  fine  basalt,  and  the  adjoining  rock  is  an 
amygdaloid,  but  only  about  six  feet  of  the  amygdaloid  is  here.  It 
lies  along  the  dyke  as  if  it  belonged  to  it. 

249.  Amygdaloid  adjoining  No.  248. 

250.  The  west  point  enclosing  Grand  Portage  Bay  is  low,  but 
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has  a  rockj  beach  consisting  of  alternate  lajers  of  basalt  and 
amygdaloid  rising  but  little  above  the  watier. 

251.  Underlying  No.  250;  an  amygdaloid  of  a  greenish  color. 
These  beds  (Nos.  250  and  251)  dip  sooth  at  a  low  angle  and  do  not 
extend  into  the  bay.  They  apparently  form  the  coast  line  between 
Grand  Portage  Bay  and  Deronda  Bay,  there  being  but  little  out- 
crop with  a  low  shore  between  these  places.  The  west  side  of 
Grand  Portage  Bay  shows  no  rock.  It  is  low,  the  timber  growing 
nearly  down  to  the  water. 

252.  Slate  from  the  west  side  of  the  village  of  Grand  Porti^e. 
The  outcrop  is  near  the  water  and  along  the  beach,  rising  also 
into  hills  a  short  distance  inland.  It  ia  cut  by  a  prominent  dyke 
of  doleryte,  39  feet  wide,  running  E,  15°  S.  Some  of  it  seems  to 
be  suitable  for  roofing,  but  some  is  too  hard  and  brittle.  It  also 
has  septaria  several  feet  wide,  round  which  the  slates  are  dis- 
turbed and  warped.  They  dip  S.  5  degrees.  They  are  not  due  to 
a  superinduced  slaty  clearage,  but  are  caused  by  the  alatinesa  of 
the  sedimentation  with  which  they  are  coincident. 

253.  From  the  dyke  above  mentioned,  cutting  the  slates.  The 
high  range  of  hills  that  culminate  in  Mt.  Josephine,  back  of  Grand 
Portage,  seem,  from  the  lake,  to  r^  from  the  point  west  of  the  E. 
Palisades,  -where  the  rock  (540)  strikes  inland.  Their  outline  and 
general  character  resemble  the  range  back  of  Double  hay.  further 
west. 

254.  Is  a  quartzose  conglomerate,  firm  and  hard,  with  frag- 
ments of  slate  and  quartz  pebbles,  from  the  N.  W.  side  of  Portage 
Bay  Island.  This  lies  in  large  fallen  pieces  on  the  shore,  the  is- 
land rising  perhaps  80  feet.  These  masses  are  finely  stratified,  and 
even  show  false  bedding  ;  a  few  rods  beyond  these  fallen  pieces, 
(E.)  this  conglomerate  is  in  place,  dipping  S.  10°  E.,  at  an  angle 
of  8  or  10  degrees.  It  shows  at  least  20  feet,  and  is  cut  by  a  dyke 
nine  feet  wide,  which  is  apparently  connected  with  the  trap  (?), 
No.  255,  that  there  lies  on  the  conglomerate,  and  which  may  have 
come  frcon  overflow  from  this  dyke, 

255.  This  overflow  comes  down  to  the  water  at  once  and  hides 
the  conglomerate,  and  rises  perpendicular  about  12  feet.  It  weath- 
ers very  rough  and  open-angular,  from  containing  fr^;ments,  ap- 
parently, of  rock  from  contiguous  formations,  that  were  not  wholly 
molten. 

266.  Sandstone ;  of  even  grain  and  bedding,  lying  between 
layers  of  trap-rock  immediately  over  No.  255. 

357.     Gray,  thinly-bedded,  hard,  quartzyte,  styled  siUceo-argil- 
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laceous  shale,  by  Norwood;  at  a  short  distance  having  the  aspect 
of  a  bedded  slate,  probably  belonging  to  the  slate  formation  of  No. 
252;  from  the  west  side  of  Hat  Point,  near  the  extremity,  over- 
lain by  the  next.  On  the  eas^  side  of  the  point  can  be  seen  nn- 
merous  dykes  cutting  this  rock,  which  probably  has  a  thickness  of 
500  feet. 

258.  Basaltic  trap-rock,  overlying  No.  257,  and  rising  at  least 
150  feet:  finally  culminating  in  the  ^ummit  of  Mt.  Josephine  fur- 
ther north. 

259.  From  layers  underlying  No.  258,  on  the  east  side  of  Hat 
Point;  lower  in  the  strata  than  No.  257,  but  conformable  with 
them  apparently,  and  forming  a  part  of  the  same  terrane;  a  gray 
quartzyte,  or  hardened  sandstone,  with  rounded,  apparently  con- 
cretionary spots  (^  to  ^  inch  in  diameter),  of  a  reddish  color;  dark- 
ened by  organic  matter  (?),     Compare  No.  270. 

260.  Near  the  bead  of  Wauswaugoning  Bay  a  dyke  runs  S. 
45°  W.,  and  forms,  for  a  short  distance,  the  shore-line,  contain- 
ing a  calcite  vein  in  the  center,  about  4  inches  wide.  This  is  about 
20  inches  wide,  but  it  so  affects  the  rock  which  it  cuts  that  it  also 
becomes  closely  jointed,  and  almost  columnar.  The  width  of  the 
dyke  cannot  be  certainly  determined,  as  another  large  ridge  com- 
ing from  the  N.  E.,  at  an  angle  near  oblique  to  the  coast  unites 
with  it  at  its  western  end.  Near  this  point  another  calcite  vein, 
five  to  eight  inches  wide,  crosses  the  former  in  a  direction  nearly 
E.  and  W.  Embraced  in  the  calcite  are  smalt  lumps,  and  almost 
perfect  rhombohedrons  of  haematite.  Samples  are  from  the  dyke 
running  S.  45°  W.  The  rock  (No,  257)  cut  by  this  dyke  dips  S. 
at  an  angle  of  about  15  degrees,  and  is  rather  more  like  a  quartzyte 
than  in  some  other  places.  A  patch  of  this  is  included  between 
these  dykes  that  intersect  each  other,  forming  a  triangle.  The 
long  side  of  the  triangle  is  formed  by  a  dyke  running  along  the 
shore,  rising  from  two  to  eighteen  feet,  but  continuing  further 
east  for  at  least  ^  mile,  horizontally  columnar.  The  other  sides 
are  made  by  N.  E.  and  N.  Vf.  dykes  that  unite  a  short  distance 
inland.  The  first  shifts  its  course  a  little  east  of  a  short  pebbly 
beach,  and  also  sends  off  an  oblique  spur  which  runs  nearly  south 
into  the  bay.  In  connection  with  this  the  slate  also  reappears, 
dipping  about  into  the  bay — though  slate  is  hardly  the  word  to 
apply  to  this  rock.  It  is  in  some  of  its  layers  a  pinkish  quartzyte, 
but  the  greater  part  ia  black,  or  gray-black,  sometimes  with  a 
shade  of  blue.  It  is  more  aluminous  in  its  dark  parts,  and  is  fissile 
also,  but  its  fissile  parts  are  so  strongly  prot«cted  by  the  firm  and 
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quartzose  beds,  whicli  are  closely  jointed,  and  often  with  beautiful 
symmetry,  tbat  they  do  not  weather  out  much  more  easily  than 
the  reet.  Sometimes  a  layer,  however,  separates  from  that  below 
it,  over  a  space  of  a  few  square  feet,  and  the  argillaceous  parts- 
thus  exposed  become  finely,  conchoidally  jointed,  and  might  b» 
strled  botrjoidal,  like  some  decaying  shale  beds. 

261.  The  hill  on  the  N.  E.  J  Sec.  85,  T.  64,  R.  7,  E,  rises  by 
aneroid  520  feet  above  the  lake.  The  Mt.  Josephine  ridge  rises 
much  higher,  sweeping,  in  one  of  its  spurs,  toward  the  northeasi 
past  the  he%d  of  the  Wauswaugoning  Bay  to  this  point.  It  is  at 
the  summit  made  of  the  rock  of  this  number,  which  ia  a  doliryte 
like  No,  260,  of  a  slightly  greenish  tint.  This  fairly  represents 
the  rock  of  all  these  hills  to  Grand  Portage. 

262.  Below  No.  161  can  be  seen  slaty  red  quartzyte  beds  with 
slate,  in  the  southern  slope  of  the  hill,  dipping  toward  the  north, 
or  into  the  hill,  at  a  low  angle.  The  hill  is  largely  made  up  o£ 
this  kind  of  rock.  Another  smaller  dyke,  running  £.  &  W.  rises 
into  a  low  hill  on  the  south  side  of  the  main  hiU,  and  cuts  the 
same  quartzyte.  which  here  is  more  nearly  hoHzoutal,  yet  dips 
some  in  the  same  direction. 

263.  Is  from  an  overflow  of  igneous  rock,  rising  irreg- 
ularly, basaltic  perpendicularly,  that  forms  the  straight  high  coast 
that  makes  a  sharp  angle  in  Wauswaugoning  Bay.  It  is  a  mag- 
netited  doleryte.  While  it  is  basaltic  on  the  N.  W.  aide,  it  is  bed- 
ded and  dips  to  the  S.  E,  in  following  it  toward  Birch  Island. 
This  is  on  N.  E.  i  Sec.  30,  T.  64,  E.  6  E.  It  finally  becomes  over- 
lain by  layers  of  quartzyte— which  layers  are  curved  and  twisted 
as  if  by  heat  from  below.  They  could  not  have  been  deposited  ae 
a  sediment  on  Ko.  263  when  the  latter  was  cold,  but  must  have 
been  previously  depoait«d  and  then  disturbed  by  an  injection  of  the 
molten  rock  under  them.  Angular  pieces  of  the  quartzyte  are  en- 
closed in  No.  263.  changing  the  weathering  color  and  the  composi- 
tion in  spots,  reminding  one  of  the  "  red  rock"  embraced  in  the 
"  Rice  Point  Granite  "  at  Duluth. 

264.  These  samples  show  this  enclosure  of  quartzyte,  and  also 
changed  quartzyte ;  from  the  coast  due  N.  (by  compass)  from  Birch 
Island.  In  some  spots  are  specks  resembling  graphite,  with  a  few 
specks  of  pyrite. 

265.  Is  from  the  upper  part  of  No.  263,  where  in  contact  with 
the  quartzyte.  The  quartzyte  is  slaty.  No.  265  is  geodic  with 
fine  crystals  of  quartz  (?)  surrounded  by  graphite  or  mingled  with 
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it,  (some  of  this  soft  mineral  is  Hgbt-colored,  with  reflecting  sur- 
faces, like  talc). 

Birch  Island  is  caused  by  four  hardened  belts  in  the  quartzyte 
and  slates,  from  5  to  10  feet  wide,  which  nm  £.  and  W.  making 
the  slates  darker  and  in  apoto  basaltic,  and  yet  showing  in  other 
spots  their  bedded  slatiuess.  These  belts  resemble  dykes  of  igne- 
ous rock;  and  they  run  as  a  reef  almost  to  the  shore  northwardly. 
The  point  east  of  Birch  Island  is  mainly  made  of  red  quartzyte, 
which  rises  here  about  35  feet  above  the  lake,  but  yet  dips  south 
into  the  lake  at  an  angle  of  about  8  degrees.  It  breaks  oflF  in 
stepf ,  back  from  the  shore,  from  ten  to  fifteen  feet  high,  and  some 
of  it  rapidly  breaks  up  into  blocks  of  a  few  inches.  This  is  espec- 
ially the  case  where  the  hardened  belts  (or  dykes?)  from  Birch  Is- 
land cross  the  point, 

265.  B.  Samples  of  this  quartzyte,  showing  also  glaciation  (?) 
in  curving  fractures  over  the  surface,  like  that  described  on  the 
Rock  county  quartzyte.  But  these  curves  present  their  concavities 
toward  the  S.  W.  and  their  convexities  N.  E.,  requiring,  under  the 
theory  of  their  glaciation  applied  to  Rock  county,  a  movement  of 
ice  toward  the  N.  E.  These  curved  fractures  have  penetrated 
several  inches— some  of  the  larger  ones — though  this  may  be  due 
to  the  continuation  of  the  checks  begun  by  glaciation,  by  weather- 
ing and  fro?t  since  the  glacial  epoch.  The  formation  is  in  most 
respects  very  similar  to  the  Rock  county  quartzyte,  But  in  some 
places  it  is  conspicuously  basaltic,  and  often  contains  crystalline 
grains  resembling  flesh-red  feldspar,  aa  well  as  darker  grains. 

275,  A.  Samples  from  the  darker  and  firmer  parts  (aa  at  Birch 
Island),  that  appear  like  dykes. 

The  coast  line  for  a  mile  east  of  Birch  Island  is  formed  by  the 
same  quartzyte,  crossed  by  several  dykes.  They  cut  the  quartzyte, 
running  E.  and  W.  or  very  nearly  so.  One  which  is  about  25  feet 
wide  has  a  narrow  calcite  center,  ^A  inches,  and  some  pyrite.  This 
sometimes  becomes  two  or  three  veins. 

266.  From  a  dyke-rock  containing  scattered  pyrite. 

267.  Basaltic  rock  from  the  main  vein,  containing  a  calcite 
center,  and  which  is  about  25  feet  wide. 

267.  A.     Calcite  and  ore  from  No.  267. 

208.  Blackened  quartzyte,  with  red  (bsmatitic)  specks;  from 
near  the  dyke  No.  267.  This  is  of  a  dark  color,  but  represents  the 
prevailing  color. 

269.  From  Island  No.  2,  being  the  easterly  of  the  first  two  is- 
lands near  the  coast;  a  porphyritic  doleryte,  the  larger  crystals  be- 
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ing  of  a  tricliiiic  feldspar.  The  whole  rock  is  gray,  and  has  small 
grains  of  pjrite.  The  whole  island  is  formed  by  a  dyke  of  No.  269, 
fianked  by  a  little  quartzyte  and  slute  near  the  water.  The  dyke 
is  about  50  feet  wide,  and  the  island  is  not  much  more. 

270.  Graphitic  rock;  Pigeon  Point,  S.  W.  J  Sec.  32,  nearly  on 
the  axis  of  Pigeon  Point.  This  rock  is  charged  with  graphite,  in 
the  form  of  nodules  from  the  size  of  a  pin-head  to  ^  or  ^  inch  in 
size.  Some  pieces  are  two  or  three  inches  across,  and  in  the  work- 
ing for  silver  in  a  shaft  some  were  found  more  than  a  foot  in  di- 
ameter. The  rock  also  contains  some  native  copper  and  pyrite. 
It  embraces  irregularly  angular  patches  of  quartzyte,  and  over  the 
exposed  surface  are  patches  very  rich  in  graphite.  There  is  but 
little  soil.  The  rock  is  chipped,  and  leuticularly  and  roughly 
jointed,  or  laminated.  It  is  stained  outwardly  with  iron  rust. 
This  is  plainly  a  metamorphic  rock.  It  can  be  traced  two  or  three 
miles  east  and  west.  The  graphite,  while  occurring  more  or  less 
in  the  rock  on  either  side,  yet  is  found  most  abundantly  in  veins 
and  joints  in  this  quartzyte,  over  a  belt  20  to  40  feet  wide.  (See 
No.  552). 

271.  Finely  graphitic  quartzyte;  from  the  same  place  as  the  last. 
372.     From  the  vein  on  S.  W.  i  Sec.  32.     This  vein  is  supposed 

by  the  parties  owning  it  to  be  a  branch  from  that  wrought  on  the 
trail  to  Parkervilie.  No  working  has  been  done  on  it,  but  the 
croppings  show  heavy  spar,  carbonate  of  copper,  and  amethystine 
quartz,  the  bulk  being  heavy  spar.     Runs  N.  20  deg.  W. 

Crossing  the  gniphite  belt  nearly  north  and  south  is  a  wide  vein 
near  the  trail  to  Parkervilie,  o£  calcite  and  quartz,  the  latter  some- 
times being  amethystine.  This  was  wrought  in  1874,  by  A.  A. 
Parker,  at  points  not  far  from  the  south  shore  of  Pigeon  Point, 
but  without  encouraging  results,  although  the  tests  made  were  not 
sufficient  to  prove  the  vein,     (See  Report  for  1878,  p.  15.) 

273.  S.  W.  i  Sec.  32.  From  a  dyke  running  N.  60°  E.,eros8ed 
by  the  vein  No.  272. 

About  an  equal  distance  east  of  the  main  N.  and  S.  vein 
(wrought  by  Parker)  is  another  vein  about  8  inches  wide,  seen 
nearthe  water  level,  which  widens  out  toward  the  north,  involved 
with  much  quartzyte,  and  extends,  presumably,  under  the  water  to 
the  south  side  of  Susie  Island,  where  other  working  has  been 
done. 

The  rock,  generally,  of  the  region,  appears  to  be  quartzyte,  but 
it  is  crossed  by  numerous  dykes,  generally  E.  and  W.,  which  tilt 
and  modify  it,  rendering  it  nearly  black  in  some  places,  and  also 
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give  it  a  basaltic  form.  The  mining  locations  are  on  veins  run- 
ning nearly  N.  and  S.,  following  joints  and  other  openings  in  the 
quartzyte. 

274.  Coarsely  porphyritic  form  of  the  igneous  rock  of  the  conn- 
try;  from  near  the  trail  to  ParkerTille,  about  £  mile  north  of  the 
lake  shore.  This  rises  in  a  low  hill,  and  superficially  disintegrates 
into  gravel  under  the  weather.  This  is  just  north  of  the  point 
where  the  trail  runs  over  a  stony  beach,  which  by  aneroid  is  52 
feet  above  Lake  Superior. 

The  large  central  vein  mentioned  as  occurring  on  the  south 
shore  of  Pigeon  Point,  formerly  wrought,  can  be  traced  to  the 
valley  of  Pigeon  river,  where  it  appears  in  a  high  bluff  back  of 
Parkerville.  It  is  here  about  six  or  eight  feet  wide,  and  has 
quartzyte  on  the  west  side,  and  arock  similar  to  No.  274  on  the 
other.  It  here  contains  considerable  barite.  It  seens  to  extend 
beyond  into  Canada,  to  the  first  range  of  hills. 

The  slates  and  quartzytes  at  Pigeon  River  Falls  dip  south  at  an 
angle  of  15  degrees.  The  falls  come  down  in  a  direction  S.  E. 
over  a  dyke  running  N.  50°  E.  A  short  distance  below  the  falls 
another  dyke  crosses  the  gorge,  running  nearly  E.  and  W.  (E.  10° 
a.)  The  falls  have  cut  the  former  dyke  more  than  half  its  width, 
and  have  35  feet  left. 

275.  From  the  dyke  at  the  brink  of  Pigeon  Fiver  Falls,  run- 
ning N.  50°  E. 

276.  From  the  dyke  just  below  the  falls  ruoning  E.  10'  N. 
The  falls  descend  70  feet  purpindicular.  These  two  dykes  seem  to 
converge  toward  the  hill  where  No.  261  was  obtained, 

277.  Porphyritic  basalt,  from  a  small  Island  west  of  Susie  Is- 
land, south  of  the  island  which  furnishes  No.  269.  This  island  is 
caused  b;  this  dyke,  but  has  the  countrv  quartzyte  |on  the  flanks. 
On  the  east  end  and  north  side  it  dips  a  little  east  of  south,  or  as 
the  slates  at  Pigeon  River  Falls.     It  rises  about  25  feet. 

27S.  Is  from  the  east  end  of  the  long  island  west  of  Susie  Is- 
land, nest  south  of  No.  277;  from  the  main  dyke  of  the  island. 
This  island  rises  about  25  feet  and  has  slates  and  quartzytes  on  the 
flanks— at  the  west  end  of  the  island  beautifully  ripple-marked, 
At  a  small  dyke  near  the  west  end  of  the  island  the  slates  are 
caused  to  dip  more  rapidly  on  the  west  than  they  do  on  the  east  of 
the  dyke.     This  dyke  is  about  i  feet  wide. 

279.  From  the  dyke  at  the  west  end  of  Susie  Island. 

280.  Rock,  like  No.  269,  and  in  its  bearing:  Forms  the  north 
point  that  encloses  the  long  bay  on  the  east  end  of  Susie  Island, 
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cutting  the  qiiartzitic  slates  that  dip  soath  on  each  side.  These 
massive  dykes  have  generally  the  outward  form  of  Roche  mouton- 
ne,  and  near  the  water  occasionally  show  glacial  lines  running  in 
the  direction  of  the  islands. 

281.  From  about  holf  a  mile  from  the  east  end  of  Susie  Island, 
on  the  south  shore,  the  supposed  continuation  of  one  of  the 
veins  from  the  main-land  of  Pigeon  Point.  It  shows  heavy  spar 
only  near  the  water,  but  the  vein  itself  is  about  three  feet  wide,* 
the  ore  (bomite  (?)  and  chalcopyrite,  being  diatributed  through  the 
dark  rock-mass  of  the  vein,  which  seems  to  be  a  breccia  of  basalt  of 
the  region.  There  are  a  number  of  similar  veins  (four  of  them), 
but  showing  no  spar,  running  in  the  same  direction  near  this  vein, 
some  of  them  being  as  wide;  and  still  further  east  ^re  several 

282.  Prophyritic  greenstone,  from  the  main  dyke  of  the  north 
part  of  Susie  Island.  This  contains  orthoclose  and  plogioclase  as 
well  as  some  quartz  and  hornblende. 

There  is  a  spar  veining  running  E.  and  W.,  or  with  the  direc- 
tion of  the  island,  visible  under  the  water  near  the  shore,  about  J 
mile  west  of  the  vein  numbered  281.  It  is  about  8  inches  wide, 
and  can  be  seen  about  25  feet.  It  pinches  out  toward  the  east, 
and  seems  to  also  toward  the  west.  There  are  several  narrow  spar 
veins  crossing  Susie  Island,  and  the  little  island  next  west,  nearly 
at  right  angles. 

283.  From  the  larger  little  island  at  the  west  end  of  Lucille  Is- 
land. This  rock  outwardly  appears  to  be  exactly  the  same  as  the 
last,  but  it  contains  some  pyroxene  and  no  quartz. 

284.  From  the  main  dyke  ( ?)  of  Lucille  Island,  on  the  south 
side.  The  dyke  itself  is  horizontally  basaltic  toward  the  west  end 
of  the  island;  and  a  part  of  the  height  of  the  island  is  caused  by 
a  heavy  overflow,  but  perhaps  not  from  this  dyke.  This  dyke 
"hades"  to  the  south,  and  is  a  coarse  porphyritic  greenstone.  The 
samples  are  from  that  part  that  is  dyke-like.  The  surface  slopes 
toward  the  lake.  In  other  parts  this  island  is  certainly  bedded, 
and  embraces  parts  of  the  slates,  all  dipping  south;  but  the  slates 
are  nearly  lost  in  fusion. 

Lucille  is  the  highest  of  all  these  islands,  rising  about  100  feet. 
There  is  little  or  no  slate  on  the  outer  islands,  but  more  and  more 
on  those  toward  the  shore, 

285.  Red  rock,  from  the  first  island  N.  W.  of  Belle  Rose  Is- 
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land.  The  aouth  aide  of  this  island  ia  conspicuously  red  with  this 
rock,  but  thejnorth  side  appears  of  the  uaua!  color.  It  is  embraced 
between  two  or  three  narrow  basaltic  dykes.  Ab  the  dykes  crum- 
ble bj  reason  of  their  more  close  jointage,  the  surfaces  of  this  red- 
rock  itand  out  in  TJew.  The  island  next  further  N,  W,  appears 
reddish  the  same  way  on  the  south  side.  None  are  red  on  the 
north  side. 

The  island  south  of  Lucille  Island  is  a  bare  rock,  in  form  like 
the  rest  mentioned,  but  hoa  no  soil,  rising  but  little  above  the 
water. 

286.  Black  basaltic  rock,  from  the  narrow  dyke  adjoining  No. 
286. 

These  islands,  with  perhaps  the  exception  o£  Lucille,  are  all 
built  on  tKe  same  plan.  They  are  igneous  at  the  center,  and  are 
sometimes  associated  with  some  slate  on  the  flanks.  They  are 
sometimes  composed  of  two  or  more  large  dykes,  and  frequently 
show  crossdykes  radiating  from  the  main  line.  The  dykes  are 
shaped  and  distributed  tut  the  slates  broke  on  the  upheaval  of  the 
land-ranges  or  hills,  since  the  slates  always  dip  toward  the  lake. 
These  dykes  have  no  ett'ect  on  the  dip  of  the  slates^with  perhaps 
one  exception,  which  ia  visible  on  the  south  side  of  Lucille  Island, 
near  the  west  extremity,  where  there  seems  such  irregularity  as  to 
suggest  an  independent  fracture  or  outflow. 

Lucille  Island  consists  mainly,  so  far  as  height  is  concerned,  of 
successive  beds  of  massive  greenstone,  which  in  their  lower  parts 
are  somewhat  slaty,  as  if  the  slates  at  first  were  embraced,  and  they 
all  dip  lakeward,  but  a  wide  dyke  runs  from  one  end  to  the  other. 
The  islands  are  scantily  wooded,  the'slaty  ones  more  so. 

The  point  that  encloses  Morrison's  Bay  is  a  quartzyte  monoclinal, 
that  dips  to  the  lake.  The  bay  has  a  pebbly  beach,  but  with  rocky 
outcrops  of  the  same  kind  near  the  bite  of  the  bay,  and  also  on  the 
coast  about  north  from  the  point.  The  last  runs  east  so  as  to  en- 
close Clark's  Bay  in  the  same  manner.  The  point,  however,  enclos- 
ing Clark's  Bay  terminates  by  a  dyke  about  20  feet  wide,  which 
runs  also  through  the  islands  off  this  point.  The  islands  and  the 
point  have  the  same  structure — on  immense  dyke  that  "  hades"  to 
the  south.  In  this  dyke  near  the  point  are  two  crooked  cores  of 
calc  and  heavy  spar  carrying  pyrites. 

The  coast  of  Clark's  Bay  is  wholly  rocky,  except  a  short  inverval 
at  the  head  of  the  bay,  and  the  hills  on  the  north  side  rise  perhaps 
125  feet,  composed  of  a  huge  dyke  that  forms,  apparently,  the  axis 
and  core  of  Pigeon  Point  peninsula.     The  points  enclosing  Clark's 
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and  Morrison's  Bays  are  nothmg  but  repetitions  of  the  off-lying 
islands  further  Bouthwest — sudden  outbursts  of  trap  throngh  fiss- 
ures in  the  quartzyte  causing  scattered  islands,  or  sharp  elevations. 
Back  of  these  two  points  are  traces  of  the  lake-shore  action,  that 
once  actually  made  an  island  of  Clark's  Bay  point,  and  also  ran  far 
inland  back  of  Morrison's  Bay.  The  same  phenomenon  is  repeated 
in  Pigeon  Point  itself.  It  waS  formerly  an  island,  and  Pigeon  Bay 
was  connected  with  Wauswaugoning  Bay.  Low  fiat  land  now  oc- 
cupies the  intervening  space  as  a  terrace  of  Pigeon  river.  Parker- 
ville  b  on  this  flat  (or  "  eypreaa  swamp  "),  which  extends  to  Waua- 
waugoning  Bay,  being  about  a  mile  and  a  quarter  in  area. 

287.  From  the  big  dyke  {like  No.  274),  the  axis  of  Pigeon 
Point,  near  the  location  of  Baker  &  Kendrid's  barite  vein. 

288.  Fine  green  rock,  from  the  shaft  at  the  barite  vein. 
288.  A.     Calcite,  barite,  Sc,  from  the  shaft.* 

288.  B.     Samples  from  vein  (b)  near  the  shaft. 

389.     The  country  rock,  at  the  barite  vein.     This  is  |  quartz. 

290.  Fair  samples  of  the  quartzyte  of  the  region— the  chief 
rock  of  Pigeon  Point  peninsula,  as  exhibited  on  the  south  shore: 
obtained  three  mites  west  of  the  extremity.  This  ia  a  dark-red  or 
brownish  quartzyte  becoming  black  near  the  dykes,  and  in  some 
places  having  red  orthoclase  mixed  with  the  quartz  grains. 

QQari;er  of  a  mile  eaat  of  Kindred  &  Baker's  shaft  ia  a  dyke  15 
feet  wide  that  runs  south  40'  E.  It  is  unnecessary  to  mention 
and  sample  all  the  dykes,  some  of  which  are  narrow  and  run  in 
diSerent  directions.  A  large  dyke  terminates,  or  runs  under  the 
lake,  with  a  high  hill  at  the  shore,  at  the  point  where  the  section 
line  between  26  and  27  strikes  the  south  shore.  Three  smaller 
dykes  terminate  in  a  similar  way  a  few  rods  west.  Other  points 
are  formed  in  the  same  way.  At  the  canoe  portage  Canada  can  be 
seen'across  the  point,  and  the  point  is  very  narrow.  This  high 
point  is  just  west  of  this  portage.  Approaching  the  extremity  of 
the  peninsula,  the  igneous  rock  becomes  more  frequent  in  outcrop, 
by  being  interbedded,  and  by  frequent  branch  dykes.  The'  dykes 
rise  like  those  in  the  islands  and  fall  again  soon.  (See  Nos.  604- 
616. 

291.  From  the  extremity  of  Pigeon  Point  Peninsnia  (compare 
No,  603).  This  seems  to  be  the  principal  rock  axis  of  the  penin- 
sula, and  probably  in  the  line  of  bearing  of  Nos.  287  and  274. 
This  rock  is  not  evidently  a  dyke  here,  but  a  massively  bedded,  or 

•For  a  brief  accouDt  ol  thin  location,  and  the  ores  lonad,  consult  the  Seventh  Annual 
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coarsely  jointed  formation  which  extends  west,  and  soon  rises  over 
50  feet  from  the  water,  and  shows  a  basaltic,  mountain-like  struc- 
ture. It  resembles  the  rock  and  structure  of  Rice  Point,  and  may 
be  parallelized  with  it  in  age,  and  here  is  associated,  as  there,  with 
a  red,  metamorphosed  rock.  Here,  however,  it  is  a  part  of  the 
Animikie  beds,  of  Dr.  T.  Sterry  Hunt,  which  would  therefore 
seem  to  be  only  a  downward  extension  of  the  Cupriferous  Series. 
This  rock  breaks  down  at  the  canoe  portage,  about  a  mile  west  of 
the  extremity  of  the  peninsula,  and  only  a  pebbly  beach  fonns  the 
continuation  of  the  land,  which  ia  but  few  rods  across, 

292.  The  next  rock,  just  west  of  the  canoe  portage,  on  the  north 
shore  of  the  peninsula,  forms  a  similar  kind  of  coast;  also  is  heav- 
ily jointed  and  bedded  like  No.  291;  but  it  is  red  with  orthoclose. 
The  microscope  reveals  also  hornblende  and  quartz;  occasionally, 
also,  is  a  grain  of  a  milk-white,  foliated,  soft  mineral.  This  is  a 
granular  rock,  derived  from  the  fusion  and  crystallization  of  the 
astwciated  sedimentary  beds.  It  weathers  and  parts  as  if  a  con- 
glomerate near  the  water.  This  rock  continues  but  a  short  dis- 
tance, making  one  blunt  point,  when  the  features  and  color  of  No. 
291  retam  again.     {See  the  notes  on  Nos.  604-613). 

293.  From  the  north  shore  of  Pigeon  Point,  about  a  mile  and 
a  half  from  Pigeon  river.  This  forms  the  coast  line,  and  high 
hills,  and  fairly  represents  the  north  shore  of  the  peninsula  from 
the  Point  to  this  place.  There  is  no  quartzyte.  Near  this  point 
is  a  high  bluff  of  fine  basalt,  closely  and  irregularly  jointed,  crum- 
bling out  in  small  angular  pieces,  continuing  about  50  feet,  form- 
ing a  round,  broad  point. 

At  about  half  a  mile  from  the  river  the  coast-rock  changes,  be- 
coming quartzyte  and  slate,  dipping  to  the  south.  Just  here,  or 
within  a  rod  or  two,  appears  the  baryte  vein  that  is  shafted  by 
Kindred  and  Baker  on  the  south  side,  but  it  is  in  the  slates  and 
quartzyte.  It  is  about  25  inches  wide.  It  here  runs  E.  25°  S. 
The  mass  of  the  vein  is  baryte,  but  seems  also  to  contain 
calcite,  as  the  baryte  is  porous  and  cavernous,  and  ia  sepa- 
rated from  the  walla  by  solution  of  some  other  minerals.  The 
.same  ores  in  small  quantities  are  visible  in  the  veins  and  small  in- 
cluded altered  pieces  of  slate  or  quartzyte,  especially  the  pyrite. 
The  slates  and  quartzyte  continue  to  the  mouth  of  the  river,  but 
there  a  range  of  hills  sets  in  immediately  on  the  south  side,  which 
continues  to  the  south  of  Parkerville,  where  they  consist  of  coarse- 
ly porphyritic  rock,  like  the  rock  No.  274.  These  hills  are  wooded 
down  to  the  river.    This  range  dies  out  before  reaching  Wauswau- 
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goning  Bay,  and  to  the  north  runa  a  larger  range  from  which  was 
obtained  No.  261.  West  of  the  last  rein  mentioned,  about  400 
feet,  ,is  a  two  foot  vein  of  calcspar,  near  the  hnoufch  of  Pigeon 
river,  running  S.  S.  E,  in  the  traprock  of  the  country.  It  dips 
slightly  to  the  east.  No  working  has  been  done  here.  Superfi- 
cially it  shows  only  calcite,  sometimes  aaccharoidal. 

Mayhew's  location,  which  is  about  3  miles  west  of  Cascade  river, 
comprises  a  series  of  veins  in  a  loose  network,  running  in  various 
directions,  varying  from  J  inch  to  6  inches  in  width.  They  appear 
under  the  water  near  the  shore,  and  show  white,  embraced  in  the 
traprock  of  the  country.  They  contain  calcite,  laumontite,  stilhite 
and  other  minerals.  The  ore  is  what  is  styled  "  gray  copper  ore," 
but  without  the  authority  of  any  analysis  by  the  survey.  It  ap- 
peara  like  that  from  the  vein  on  Susie  Island,  south  of  Pigeon 
Point.  Tfie  rock  round  about  is  frequently  veined,  and  parts  with 
red  "  heulanditie  "  coatings,  so  named  by  Norwood.  It  crumbles, 
on  weathering,  to  a  coarse  gravel,  of  a  dirty  green  color.  It  also 
has  hfematitic  red  spots  on  the  weathered  surface.  The  main  di- 
rection of  the  net^work  of  veins  is  W.  19°  N.,  having  a  width  of 
about  four  feet.  '  But  the  lead  that  has  been  wrought  by  shafting 
produced  masses  of  the  ore  from  between  wall  rocks,  indicating  a 
width  of  ore  of  4  inches. 

From  Grand  Portage  to  Squaginato  Bridge,  along  the  International 
Boundary. 

From  Grand  Portc^  Bay  the  portage  trail  follows  the  main 
creek  about  a  mile  and  a  half,  when  it  leaves  the  valley  of  the  creek 
and  continues  more  nearly  in  a  right  line,  but  to  the  east  of  the 
creek.  At  three  miles  on  the  trail  it  crosses  a  creek  which  runs 
northward  into  Pigeon  river  and  is  cut  about  50  feet  into  the  non- 
terraced  deposits  of  the  plain.  The  trail  rises  53T  feet  above  the 
lake  at  a  point  half  a  mile  south  of  this  crossing,  the  ascent  being 
gradual  all  the  way,  and  nearly  in  a  right  line,  over  a  glacier  de- 
posit that  also  gradually  rises  from  the  fiat  on  which  the  church 
stands  at  Grand  Portage,  A  glacier  valley  now  filled  partly  with 
till  extends  thus  northward  from  Grand  Portage,  and  has  by  its 
smooth  upper  contour  determined  the  location  of  the  portage  trail. 
Before  reaching  the  highest  point  there  is  a  level  tract  of  half  a 
mile  of  glacier  clay,  good  land,  once  timbered,  now  burned  over. 
Passing  the  notch  in  the  hill  range,  the  trail  soon  descends  about 
70  feet  to  this  creek,  and  the  main  glacier  plain,  which  is  here  a 
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mile  wide  (No,  5),  and  riees  toward  the  northwest.  The  ice-move- 
ment was  toward  the  east  or  southeast,  sending  a  spur  from  the 
glacier  through  the  notch  where  the  trail  goea,  that  finally  reached 
Lake  Superior.  The  principal  glacier  plain  is  bounded  on  the  north 
b;  another  range  of  hiUs  resembling  those  along  the  south  side, 
thus  holding  this  ice-flow  in  a.  trough.  Thb  plain  is  a  fine  tract  of 
clay  land,  suitable  for  all  cultivation  adapted  to  this  latitude.  The 
soil  is  not  strong,  but  mostly  a  fine  clay,  or  a  pebbly  clay.  The 
hill  immediately  south  of  the  creek  crossing  rises,  by  aneroid,  S3& 
feet  above  the  creek,  and  225  feet  higher  than  the  trail. 

294.  A  globuliferouB  weathering  doler^te  (perhaps  a  melar 
phyre),  from  the  hills  next  north  of  the  glacier  plain  above  de- 
scribed, near  the  point  where  the  "Arrow  river  trail  "crosses  them. 

The  hill  to  the  south  of  the  creek-crossing,  rising  about  355  feet 
above  the  creek,  is  of  igneous  rock,  dark  colored,  weathsring  grey, 
consisting  of  plf^oclase  and  pyroxene  exactly  like  the  rocks  of 
number  294,  293  and  291,  and  this  rock  seems  to  constitute  the 
whole  of  the  hill,  and  of  the  country  about.  Yet  judging  from 
the  slate  seen  along  the  lake  shore,  forming  the  lower  slopes  of  the 
hills,  the  slate  and  quartzyte  formation  is  the  real  rock  of  the  coun- 
try, and  this  igneous  rock  simply  has  been  thrust  through  it. 
Being  more  firm,  and  afterwards  glaciated,  it  has  come  to  be  near- 
ly the  only  rock  visible.  This  is  also  farther  indicated  by  the 
presence  of  much  fragmentary  slate  in  the  drift  clays  of  the  val- 
ley, and  even  of  some  fragments  of  slaty  quartzytc  on  the  upper 
slopes  of  this  hill.  There  are  also  some  gneiss  boulders  on  the 
very  top  of  this  hill. 

This  hill  is  only  one  of  a  short  series  running  about  N,  E.  and 
S,  W.  overlapped  en  echelon  by  others  further  east.  There  is  here 
no  evidence  of  any  extensive  dyke,  or  line  of  fracture  in  the  strat- 
ified rocks  continuous  in  one  direction,  but  rather  of  several  short 
fractures. 

From  the  creek  crossing  above  mentioned  the  trail  ascends 
gradually  over  a  deposit  of  till,  mainly  smooth,  to  the  summit  of 
the  portage,  783  feet  above  Lake  Superior,  and  five  miles  from 
Grand  Portage  village.  This  clay  deposit  was  once  wholly  wooded 
with  pine,  aspen,  birch,  spruce,  tamarack  and  cedar;  but  in  1873 
it  was  devastated  by  fire  accidentally  set  by  ilii  Indian.  The  hills 
also  were  timbered  but  now  are  charred  and  treeless  as  far  as  the 
eye  can  discern.  Toward  the  northwest,  ihis  smooth  clayey  drift 
deposit  continues  to  the  summit  near  which  is  a  frequent  stopping 
place  for  voyageurs.     A  low  cleft,  among  some  trap  rocks,  near 
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the  trail  on  the  right,  furniahes  water  and  a  half  way  stopping; 
place.  The  whole  country  here,  however,  is  high  aud  clay-covered, 
nearly  on  a  level  with  the  top  of  the  hill  at  the  creek  crossing. 
The  water  found  is  on  a  lower  level,  and  on  the  descent  to  Pigeon 
River.  By  Aneroid,  Pigeon  Eiver  at  the  end  of  the  trail  is  697 
feet  above  Lake  Superior. 

There  is  but  little  rock  exposure  on  the  trail,  after  leavmg  the 
creek  crossing  mentioned,  and  the  most  of  that  h  near  the  upper 
end  of  the  triiil,  or  within  one-half  mile  of  Pigeon  River.  In  one 
place  the  trail  passes  over  a  glaciated  surface  of  rock  No.  294, 
nearly  in  the  line  of  the  range  from  which  294  was  taken,  but 
further  north,  but  the  rock  does  not  rise  above  the  trail.  In 
passing  further,  a  few  other  similar  exposures  occur,  but  some  of 
them  are  of  a  harsh  non-igneous  rock,  somewhat  ulaty  in  places,  viz: 

395.  Bedded,  of  a  greenish-gray  color,  fine  grain  and  somewhat 
alaty  structure;  near  the  upper  end  of  Grand  Portage  trail;  prol> 
ably  from  the  slaty  formation  of  Orand  Portage.  Just  below  the 
portage  landing  Pigeon  River  has  a  little  rapid  and  then  all  the 
way  below  there  is  no  possibility  of  canoeing  till  after  passing 
Pigeon  River  Falls  near  Parkerville.  The  rock  which  first  appears 
near  the  portage  landing  is  No.  295.  dipping  S.  10°  E.  at  an  angle 
of  about  10  degrees.  The  course  of  the  river  here  is  north;  it 
continues  about  a  mile  northwestwardly  (up  stream)  when  a 
portage  of  \  mile  is  made  up  an  ascent  of  67  feet.  This  is  known 
as  Partridge  Portage.  Except  a  strip  of  about  two  miles  on  the 
grand  portage  beginning  at  4J  miles  from  Qrand  Portage  village,, 
the  whole  country  is  bnmt  off.  Immediately  below  the  upper  end 
of  Partridge  Portage  is  a  fall  in  the  river,  nearly  perpendicular,  of 
about  40  feet.  The  rest  of  the  descent  is  in  the  rapids.  The 
brink  of  the  falls  is  of  slate,  ripple-marked,  dipping  S.  about  12 
degrees. 

396.  The  slate  of  the  brink  is  immediately  replaced  in  the 
gorge  by  a  dyke  (296)  which  at  first  is  perpendicularly  jointed; 
but  after  about  75  feet  it  becomes  more  globuliferons-weathering, 
and  crumbling.  These  two  aspects  together  occupy  a  distance 
of  110  paces  down  stream,  and  are  the  axis  of  the  uplift  producing 
the  bill  range.  This  is  supposed  to  be  the  same  hill  range  as  that 
from  which  was  obtained  No.  294.  Below  this  axis  comes  a  rock 
like  No.  295.  This  dyke  No.  296  is  nearly  cut  through  in  the 
recession  of  the  falls,  there  being  but  a  few  joints  of  it  left  stand- 
ing vertical  toward  the  foot  of  the  fall.  These  break  the  fall  of 
the  water.     The  slate  will  probably  endure  the  erosion  better  than 
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the  dyke,  its  position  (dip  up  stream)  affording  greater  protection 
from  the  current.  The  dyke  here  runs  W,  5°  N,  About  25  feet 
below  the  foot  of  the  fall,  a  narrow  vein  of  pyrite  and  c&lcite 
crosses  the  gorge.  In  high  water  it  is  entirely  covered.  The  per- 
pendicularly jointed  part  of  this  dyke  which  receives  the  impact  of 
the  falling  water  at  present,  has  very  much  the  aspect  of  being  a 
metamorphic  condition  of  the  slates  themselves;  basaltitied  by  the 
real  igoeous  rock  which  is  seen  to  crumble  with  a  globuliferoua 
disintegration. 

Canoeing  about  four  miles  the  ascent  la  about  5  feet,  when  the 
river  becomes  shallow  and  the  canoe  is  dragged  slowly  for  nearly  a 
niilf .  the  ascent  being  17  feet.'  to  Engli.sh  Portage,  when  an  as- 
cent of  15  feet  ensues,  the  j)ortage  being  about  ^  mile.  At  the 
upper  end,  where  the  rapids  occur,  is  a  low  exposure  of 

297.  Hock  like  No.  296.  Toward  the  S.  W..  about  a  mile,  b 
visible  a  hill  rising  about  300  feet  above  the  river.  This  rapid  is  a 
part  of  the  effect  of  this  hill-range.  Another  hill,  on  the  Canadi- 
an side,  is  in  range  N.  E.  from  this,  the  rapids  being  between 
them. 

Above  English  Portage  canoeing  one  mile  gives  an  ascent  of  3 
feet,  when  the  fourth,  portage  is  reached.  This  extends  about  | 
of  a  mile,  with  an  ascent  of  25  feet.  Adding  for  ascent  to  the 
foot  of  S.  Fowl  portage  (canoeing)  2  feet,  and  for  the  ascent  of  S. 
Fowl  Portage  (5th  portage)  to  S.  Fowl  Lake,  102  feet,  the  bight  of 
S-  Fowl  Lake  above  L.  Superior  is  found  to  be  933  feet. 

The  two  portages  below  the  S,  Fowl  portage  afford  no  rock  ex- 
posure. A  hill  range,  however,  can  generally  be  seen  off  south  of 
the  river,  one  or  two  miles  away,  between  the  last  portage  and  S. 
Fowl  Portage.  The  drift  clay  is  everywhere  red.  The  S.  Fowl 
Portage  is  one  mile  long.  A  trap  hill  rises  to  the  hight  of  1,260 
feet  above  Lake  Superior,  just  at  the  landing  place  at  the  head  of 
S.  Fowl  Portage,  near  the  foot  of  S.  Fowl  Lake,  which  is  perpen- 
dicular from  the  lake  shore,  except  a  coarse  and  high  talus.  Thb 
hill  is  327  feet  high,  by  aneroid,  but  it  is  only  one  of  a  series  of 
hills  running  west  25°  N.,  two  of  which,  about  100  feet  higher 
than  this,  are  on  the  United  States  side  of  the  river,  and  also  near 
the  lake,  hut  hearing  away  from  it.  West  from  this  {or  S.  W.)  is 
a  high  and  large  range  of  wooded  hills  running  N.  W. 

298.  Is  the  basaltic  rock  composing  the  top  of  the  hill  at  the 
fot)t  of  S.  Fowl  Lake.  At  the  foot  of  this  hill,  on  the  west  side  is 
a  copious  talus,  which  also  lies  in  a  shaded  gorge  which  slopes  N. 
and  is  protected  from  the  warm  sun  of  the  summer.     At  the  foot 
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of  this  talus,  where  this  gorge  approaches  the  lake,  near  the  end 
of  the  trail,  is  a  spring  of  ice-cold  water,  which  is  said  to  never 
dry  up,  nor  to  become  warmer.  It  is  probably  fed  by  perpetual 
ice  protected  in  this  gorge  by  the  coarse  fallen  pieces  of  the  talus 
from  the  warmth  of  summer.  The  presence  of  this  perpetual  ie» 
is  further  indicated  by  the  rank  mosses  growing  on  the  rocks 
about,  snataiDed  by  the  condensed  moisture  due  to  the  coolness  of 
the  gorge. 

About  one-third  of  the  bight  of  this  hill  is  composed  of  the 
black  and  quartzyte  slates,  dipping  south  at  an  angle  of  about  8  de- 
grees. This  is  visible  and  most  accessible  on  the  north  face  of  the 
bluff.  The  rest  above  is  an  igneous  overflow,  in  basaltic  structure 
perpendicular  to  the  slate  beds. 

299.  Fragment  of  the  slate  from  below  No.  298;  ten  feet  below 
contact. 

At  the  outlet  of  S,  Fowl  Lake,  which  is  between  two  blufla  of 
igneous  rock,  the  west  one  being  about  100  ft.  high,  there  is  a 
dyke  of  black  basalt  about  8ft.  wide,  passing  through  the  doleryte 
(298)  running  E.  and  W. 

A  short  distance  above  N.  Fowl  Lake,  is  the  foot  of  the  6tb 
portage,  going  over  Canadian  soil,  which,  with  a  partial  unloading 
of  the  canoe  before  reaching  it,  on  account  of  shoal  water,  amounts 
to  about  i  mile,  and  ascends  48  feet,  to  the  level  of  Moose  Lake, 
985  feet  over  L.  Superior.  Ascent  over  tiouth  and  North  Fowl 
Lakes  perhaps  4  feet.  It  is  noticeable  that  more  hmd  is  burnt  over 
along  here  on  the  United  States  side  of  the  boundary  thiui  on  the 
other.  Some  tracts  largely  covered  with  pine  at  first  have  been 
devastated  on  the  United  States  s-ide,  especially  along  North  Fowl 
Lake  and  Moose  Lake.  The  south,  side  of  Moose  Lake  is  formed 
by  slate  hills,  or  a  ridge  of  slate  made  by  the  strike,  the  dip  being 
toward  the  south  or  a  little  west  of  south.  The  country  is  largely 
drift^covered  ;  indeed  has  been  everywhere  glaciated,  but  a^  yet  it 
has  been  impossible  to  ascertain,  by  glacial  marks  i»  situ,  the 
direction  of  the  movement,  though  it  waa  probably  the  direction 
of  the  valleys,  eastwardly  or  south-east wardly.  The  forms  of  the 
hill-tops,  and  particularly  that  at  the  foot  of  S.  Fowl  Lake,  are 
like  that  seen  in  the  Saw  Teeth  Mountains,  and  generally  along 
the  shore  of  Lake  Superior.  They  slope  gently  toward  Lake  Su- 
perior, but  are  precipitous  or  perpendicular  toward  the  hind. 
Hence,  looked  at  obliquely  from  a  distance,  they  occur  in  very  much 
the  successive  outline  as  the  teeth  of  a  saw.  It  seems  as  if  the 
precipitous  sides  facing  the  northwest  are  caused  by  the  action  of 
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glacial  ice  on  the  geological  structare.  If  the  hilU  are  entirelr  of 
igneous  origin,  and  their  axes  are  deep  dykes  running  to  the  in- 
terior of  the  crust,  then  the;  are  bald  and  basaltic  on  that  side  be* 
cause  of  the  greater  violence  of  glacial  forces  from  that  direction. 
But  if  the  hills  are  caused  by  overflows  of  igneous  matter,  with  the 
strata  below  dipping  towards  the  lake,  the  saw  teeth  form  has 
been  wrought  out  more  easily  by  the  combination  of  glacial  causes 
with  a  favorable  direction  of  dip, — which  is  the  case  in  the  blufife 
south  of  S.  Fowl  Lake,  and  east  of  N.  Fowl  Lake. 

300,  Coarse,  almost  porphyritic,  igneous  rock.  S.  W.  J  See. 
30,  T.  65,  3  E.,  from  a  hill  composed  partly  of  this  and  partly  of 
slate.  This  hill  rises  4S5  feet  above  Moose  Lake,  1,470  feet  above 
Lake  Superior,  and  2,070  feet  above  the  ocean,  being  one  of  the 
highest  points  yet  measured  in  the  State.  This  ia  but  one  of  a 
aeries  of  similar  hills,  some  of  which  perhaps  rise  higher. 

West  of  Moose  Lake  ia  the  seventh  portage,  on  the  Canada  side 
of  the  boundary,  about  ^  mile  long,  rising  130  feet.  This  trail 
passes  through  a  surveyed  mining  location.  It  goes  over  the  slates 
of  the  country,  though  the  rock  is  oftener  a  gray  quartzyte  than 
a  true  slate.  It  is  interstratified  with  what  appears  like  true  roof- 
ing slate,  and  is  often  black  with  contained  carbon.  It  is  all  apt 
to  be  in  beds  los.s  than  3  inches  thick,  but  the  gray  quartzyte  also 
appears  sometimes  in  beds  of  6  or  8  inches  or  a  foot.  The  Pigeon 
river  here  is  very  insignificant. 

Passing  a  small  lake  the  eighth  portage  begins,  which  is  also  on 
Canadian  soil,  and  about  1-6  mile  long,  ascending  15  feet. 

Passing  another  small  lake  the  canoe  route  has  its  ninth  portage 
which  leads  to  Mountain  Lake.  These  two  small  lakes  are  styled 
Twin  Lily  lakes,  named  from  the  abundance  of  Nymphcea  odorata 
which  spreads  its  leaves  all  over  their  surfaces.  Mountain  Lake  ia 
1.150  feet  above  L.  Superior. 

There  is  a  hight  of  land  on  the  section  line  between  Sees.  21  and 
22,  south  of  the  "narrows"  of  Mountain  Lake,  which  rises  353 
feet  above  Mountain  Lake,  or  2,103  feet  above  the  ocean,  being  the 
highest  land  yet  measured  in  the  State.  A  few  rods  further  west 
the  ridge  rises  15  feet  higher,  and  in  the  distance  (S.)  is  a  ridge 
which  is  probably  the  real  "  Mesabi,"  which  rises  several  hundred 
feet  higher. 

These  hills  are  all  short  mono-clinals  of  gray  quartzyte,  with 
beds  of  argillaceous  and  black  slate,  dipping  uniformly  in  a  south- 
erly direction,  and  covered  with  a  greater  or  less  thickness  of  the 
traprock  of  the  country  (like  No.  300),  the  trap  sometimes  being 
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over  one  hundred  feet  thick,  but  generally  less  than  fifty  feet,  uid 
often  the  only  rock  seen,  the  lower  beds  being  hid  by  the  copiooa 
talus.  The  slate  in  some  places  has  a  dip  slightly  S.  W.,  and  the 
incltnation  amounts  usually  to  about  8  or  10  degrees.  The  trap 
itself  also  dips  with  the  slate,  so  that  the  hills  have  gradual  slopes 
toward  the  south  and  steep  slopes  toward  the  north,  or  are  perpen- 
dicular— indeed  they  most  frequently  are  perpendicular  for  abo'&t 
25  feet  from  the  top,  or  even  100  feet,  the  trap  having  a  widely 
basaltic  structure,  which  causes  it  to  fall  away  in  perpendicular 
columns;  the  slate  and  quartzyte  also  have  frequent  perpendicular 
jointage  planes,  which  also  facilitate  the  perpendicular  breaking  of 
these  beds.  The  qiiartzyte  is  evenly  and  conspicuously  [bedded 
without  anyconfusion, but  alternates  both  graduallyand  suddenly, 
with  the  black  ai^Uaceous  slnte.  The  most  of  it,  so  far  as  seen  to 
this  place,  is  gray  quartzyte.  This  quartzyte  must  be  on  immense 
formation,  as  it  is  that  seen  at  Glrand  Portage,  and  all  over  Pigeon 
Point  and  the  islands  of  the  point.  Still  it  cannot  be  estimated, 
fairly  from  what  appears  to  this  place  along  the  boundary  line, 
since  that  line  nearly  coincides  with  the  line  of  strike. 

Several  important  questions,  >pertaining  to  the  geognosy  of 
this  formation,  arise  in  an  attempt  to  describe  it,  which  must 
for  the  present  remain  unanswered,  but  which  perhaps  future  ex- 
aminations may  solve. 

1st.  Is  this  trap  older  than  the  uplift  of  the  hills,  or  did  it 
come  over  the  country  when  the  uplift  occurred? 

2d.  Are  the  dykes  that  ore  seen  crossing  this  trap  (as  at  the 
foot  of  S.  Fowl  Lake)  of  the  same  age  as  the  trap,  or  are  they  sub- 
sequent to  it? 

3d.     How  much  of  the  topography  here  is  due  to  glaciation? 

4th.  Do  the  monoclinal  hills  run  under  each  other,  or  are  they 
each  separate  and  isolated  uplifts  ? 

5th.  Can  these  beds  of  supposed  igneous  rock  be  due  to  a 
change  in  the  sedimentary  rocks  instead  of  igneous  overflow? 

6tb.     Why  is  there  an  entire  absence  of  amygdaloid? 

The  portage  from  Mountain  Lake  to  Rove  Lake  descends  3  feet, 
passing  over  a  divide  of  perhaps  20  feet  high  between  the  two 
lakes.  Hence  the  "dividing  ridge"  on  the  boundary  line  is  1170 
feet  above  Lake  Superior,  or  1770  feet  above  the  sea  level. 

301.  Vein  matter  from  Kindred  and  Baker's  shaft  on  the 
White  Rose  vein,  near  Arrow  Lake  in  Canada.  This  is'  about  Ij 
miles  north  of  the  east  end  of  the  first  lake  west  of  Mountain  Lake. 
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For  an  account  of  this  location  the  reader  is  referred  to  the 
Seventh  Annual  Report,  p.  17. 

302.    ,  Vein  matter  from   Baker's  shaft  on  the  White  Rose  vein. 

It  seems  a  common  thing  to  eee  quartz  veins  near  the  perpen- 
dicular walls  of  the  mono-clinal  hills,  as  if  b j  a  series  of  faults 
they  had  been  located  there  on  the  upheaval  and  breaking  of  the 
rack.  They  are  apt  to  be  hid  by  talus  on  the  north  side  of  these 
hills,  but  are  sometimes  seen  standing  by  the  side  of  the  bluff,  or 
adherent  to  it,  some  distance  above  the  talus. 

Daniel's  Lake  is  28  feet  lower  than  Rove  Lake  or  1119  feet 
above  Lake  Superior.  Some  very  high  hills  of  slate  and  quartzyte, 
covered  with  the  trap  rock  of  the  country,  are  along  the  south  side 
of  Rove  Lake  running  westward  to  the  south  side  of  Daniel's  Lake. 

The  portage  from  Daniel's  Lake  to  Birch  Lake  (Bearskin  Lake 
on  the  plats,  wrongly  named  by  the  surveyors)  ascends  24  feet; 
from  Birch  Lake  to  the  lake  south  of  Birch  Lake  the  portage 
ascends  7  feet;  thence  to  the  lake  on  section  6,  T.  64  N.  1  E.  51 
feet,  making  this  lake  1201  feet  above  Lake  Superior;  thence  to 
Bearskin  Lake,  descent  23  feet;  thence  to  large  lake  N.  E.  \  Sec. 
»,  T.  61,  1  E,  descent  16  feet,  1162  feet  above  Lake  Superior. 

There  appears  to  be  no  change  in  the  geology  of  the  country, 
except  that  the  mono-clinal  hills  of  quartzyte  covered  by  trap,  are 
not  so  high  as  along  the  lakes  further  north. 

The  portage  from  the  last  lake  is  on  S,  W.  J  Sec.  1,  and  descends 
6  feet  to  a  lake  on  S.  W.^  Sec.  1;  thence  a  portage  to  Fanny  Lake 
ascends  14  feet,  making  Fanny  Lake  1170  feet  above  Lake  Super- 
ior. For  an  account  of  mining  operations  on  Lake  Miranda,  by 
Mr.  Wm.  P.  Spalding,  the  reader  is  referred  to  the  Seventh  Annual 
Report,  page  18. 

Lake  Miranda  is  61  feet  higher  than  Lake  FaJtny,  and  Pine  Lake 
is  279  feet  lower  thim  Liike  Miranda.  The  highest  lake  level  yet 
measured  is  Lake  Miranda,  1231  feet  over  Lake  Superior. 

Descent  to  McFarland's  Lake,  via  Pine  river,  1  foot;  McFar- 
land's  Lake  over  Lake  Superior,  951  feet.  John  Lake  is  about  a 
foot  lower  than  McFarland's  Lake.  The  descent  to  S.  Fowl  Lake 
must  be  about  18  feet,  according  to  the  ascertained  level  of  S.  Fowl 
Lake. 

Consult  the  Seventh  Annual  Report  for  an  account  of  McFar- 
land's mining  location,  page  20;  also  of  Johnson's  on  the  S.  £.  i 
Sec.  32,  T.  65,  3  E. 

About  i  mile  east  of  Johnson's  shaft  is  a  bare  glaciated  surface 
of  trap,  crossed  by  the  trail  from  John  Lake.    The  whole  surface 
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slopes  south,  toward  the  axis  of  the  valley,  and  the  marks  gener- 
ally run  N.  and  S.  and  some  also  E.  of  N.  and  W.  of  S.  There  is- 
here  also  a  superficial  checking,  or  chipping  comparable  to  that 
Been  in  Rock  county,  but  less  closely  set.  The  checks  appear  by 
the  shape  of  the  pieces,  that  come  out  after  burning,  as  well  as  by 
the  freshly  uncovered  surface  where  no  fire  has.  loosened  them. 
Their  concave  sides  are  generally  toward  the  northwest 

303.  Apparently  auriferous  quartzy te  from  the  large  quartz  vein 
near  the  south  shore  of  Pine  Lake,  on  S.  E.  {  Sec.  31,  T.  65  N.^ 
R.  1  E.     (Consult  the  Seventh  Annual  Report,  p  21). 

The  small  lake  at  the  east  end  of  Cariboo  Lake  is  90  feet  higher 
than  Pine  Lake,  and  Cariboo  Lake  is  5  feet  still  higher,  or  1047 
feet  higher  than  Lake  Superior.  Clearwater  Lake  is  1159  feet  over 
Lake  Superior;  thence  to  Mountain  Lake  is  a  descent  of  5  feet, 
making  Mountain  Lake  again,  after  a  series  of  scattered  aneroid 
observations  since  leaving  it,  1154  feet  above  Lake  Superior — or  4 
feet  higher  than  by  the  former  observation.  This  check  on  Moun- 
tain Lake,  after  an  interval  from  Sept.  7th  to  the  15th,  and  through 
a  line  of  elevations  curried  through  Rove  Lake,  Daniel's  Lake,  Birch 
Lake,  lake  south  of  Birch  Lake,  lake  in  Sec.  6,  T.  641,  Bear-Skin 
Lake,  lake  N.  E.  J  Sec.  9,  T.  64,  1;  lake  S.  W.  J  Sec.  1,  Fanny 
Lake,  Miranda  Lake,  Pine  Lake,  McFarland's  Lake,  Pine  river, 
small  lake  east  end  of  Cariboo  Lake,  Cariboo  Lake,  and  Clearwater 
Lake,  with  intervening  portages  and  various  weather,  is  a  proof  of 
the  usefulness  and  also  the  ccrrectness  of  the  aneroid  observa- 
tions. 

On  the  portage  from  Clearwater  Lake  to  Mountain  Lake  the 
trail  passes  over  an  interval  neai-  the  summit  of  the  divide  where- 
the  quartzyte  dips  N.  W.  Several  short,  low,  sharp  monoclinals 
occur,  crossing  the  trail  diagonally.  They  are  inconspicuous  com- 
pared with  the  mono-elinals  dipping  in  the  other  direction.  The 
high  hill,  however,  fiieing  on  Mountain  Lake,  just  eaat  of  where 
the  trail  strikes  it,  dips  in  the  opposite  direction.  Another  point 
where  the  slate  dips  northwardly  may  be  seen  along  the  eaat  end 
of  Caribo  Lake  on  the  north  side. 

In  making  the  portage  between  Mountain  and  Rove  Lakes  one 
is  struck  with  the  simplicity  of  the  international  boundary  line. 
It  is  the  narrow,  crooked  Indian  trail  running  between  the  lakes, 
and  the  United  States  land  surveyors  meandered  up  to  it  and  set 
stakes,  the  same  as  to  a  lake  shore. 

Mud  Lake  is  125  feet  below  Rove  Lake.  The  trail,  in  passing 
over  this  portage,  runs  on  the  top  of  a  ridge  which  has  the  appear- 
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aEce  of  a  kame,  for  the  distance  of  fifteen  or  twenty  rods.  This 
is  somewhat  nearer  Rove  Lake  than  Mud  Lake.  The  ridge  is  steep 
•on  both  sides,  and  over  50  feet  high  in  some  places.  In  others  it 
is  narrow  and  slightly  deflected  from  its  course.  Jt  runs  rudely 
parallel  with  the  valley  in  which  the  trail  lies. 

While  the  general  explanation,  already  given,  of  the  structure 
of  the  hills  of  this  country  is  correct,  yet  there  are  exceptions  Mid 
irregularities  throwing  the  dip  out  of  its  southerly  direction. 
Sometimes  the  crust  seems  to  be  faulted  on  both  sides,  or  nearly  all 
sides,  of  a  hill,  the  trap  rising  basaltically  above  the  talus  nearly 
all  round. 

High  hills  border  Mud  Lake,  especially  on  the  south  and  west 
sides.  The  drainage  from  Duncan's  Lake  into  Mud  Lake,  and 
thence  to  Arrow  Lake  and  Pigeon  river. 

Rat  Lake  is  6  ft.  higher  than  Mud  Lake,  via  Rat  Portage ;  and 
South  Lake  is  29  ft.  still  higher,  or  1067  feet  above  Lake  Su- 
perior. The  outlet  of  South  Lake  is  into  Rat  Lake.  North  Lake 
has  the  same  level  as  South  Lake. 

Between  North  and  South  Lakes  is  a  low  divide,  perhaps  40  feet 
higher  than  the  lakes,  which  actually  forms  the  divide  between 
waters  flowing  to  Lake  Superior  and  to  Lake  of  the  Woods,  and 
should  be  so  designated  on  Minnesota  maps,  instead  of  the  divide 
ibetween  Mountain  and  Rove  Lakes.  Mountain,  Rove,  Mud  and 
South  Lakes  discharge  into  Lake  Superior,  but  take  the  Arrow 
river  channel  through  Canadian  territory,  to  reach  Pigeon  river. 
'This  divide  then  is  1097  ft.  above  Lake  Superior,  and  1697  above 
the  sea.  North  and  South  Lakes,  being  on  the  same  level,  probab- 
ly have  a  connection,  but  their  overland  visible  outlets  flow  in  op- 
posite directions.  The  divide  between  them  is  a  low  ridge  of  the 
usual  trap  of  the  country.  The  south  shore  of  North  Lake  has  a 
sandy  beach  at  the  portage  landing,  plentifully  intermingled  with 
colored  flint  and  Jasper.  The  "gunflint"  beds  are  reported  to  be 
exposed  on  the  portage  trail  from  North  Lake  to  Northern  Light 
Lake,  and  between  North  Lake  and  the  next  lake  north. 

304.  Guided  by  this,  and  the  topography,  the  some  beds  were 
■discovered  in  the  long,  low  point  separating  North  Lake  into  two 
.arms.  These  beds  are  confused,  but  yet  a  part,  probably,  of  the 
Mjuartzyte  formation  seen  all  the  way  from  Pigeon  |Pouit  to  this 
place,  and  underlie  it.  They  are  nearly  a  red  jasper,  or  jaspery 
bloodstone,  in  some  places  red,  but  varying  also  to  blue  and  green- 
ish, and  passing  also  to  white  quartz,  the  greater  part  being  blue- 
ish-black.  In  the  bloodstone  the  matrix  of  the  red  globules  weath- 
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■en  awaj  foster  than  the  globules  themselves,  prodncing  a  reticula- 
ted fine  roughness  on  the  surface. 

305.  Near  the  head  of  the  bay,  just  east  of  the  first  narrows,  in 
the  outlet  to  North  Lake,  is  an  outcrop  of  this  rock  on  the  north 
side  of  the  boundary.  This,  of  course,  underlies  the  gunflint  beds. 
It  is  a  granular  rock,  crystalline,  rather  coarse,  firm  and  dark  col- 
ored, containing  much  amphibole.  Its  other  constituents  are  or- 
thoclase  and  quartz,  with  a  little  biotite.  It  is  in  low,  irregular 
knolls,  and  is  veined  and  blotched  with  irregularities  of  composi- 
tion, one  vein  being  the  next  number. '  {Compare  No.  718). 

306.  Which  is  finer-grained,  much  lighter-colored  and  consists 
almost  solely  of  grains  of  quartz  and  orthoclase,  with  scattered 
films  o£  biotite. 

Passing  through  the  "  narrows  "  there  is  a  descent  of  four  feet, 
into  a  slow,  broad  stream  or  narrower  portion  of  the  bay,  known 
as  Gunflint  river.  These  narrows  are  not  represented  on  the  axa- 
veyors'  pints. 

There  is,  along  tliis  bay  and  stream,  an  unseen  interval  between 
Nos.  304  and  305,  which  may  amount  to  two  or  three  hundred  feet, 
ihe  space  being  occupied  by  water. 

307.  From  the  Gunflint  series,  a  mile  further  west,  on  the  south 
side  of  the  long  arm,  very  irony  and  carbonaceous.  The  quartzyte 
formation  seems  to  graduate  downward  into  the  guufiint  rocks. 
This  rock  is  a  carbonaceous  and  pyritiferous  shale,  firm  and  heavy, 
with  fiinty  nodules,  not  well  exposed,  but  embracing  perhaps  two 
feet. 

There  is  a  considerable  current,  and  a  descent  of  about  one  foot 
into  Gunfiint  Lake,  which,  therefore,  is  1,052  feet  above  Lake  Su- 
perior. 

A  beach  of  coarse  sand  along  the  head  of  this  lake,  as  well  as 
that  on  the  south  shore  of  North  Lake,  presents  a  novelty  in  the 
characters  of  the  shores  of  the  northern  lakes,  which  are  generally 
either  of  bare  rock  in  situ,  or  of  pieces  from  the  bluffs  adjoining. 
This  sand  seems  to  imply  a  rock  easily  disintegrating  in  this  series. 
The  sand  itself  consisbt  mostly  of  quartz  and  orthoclase,  some  of 
it  being  of  granular  rock  like  No.  306. 

308.  The  trap  of  the  country;  south  side  of  Gunflint  Lake. 
Sec  24  T.  65,  3  W.     (Compare  Nos.  721-27). 

809.  Hydromica  slate  (?);  from  the  north  side  of  Gunfiint  Lake, 
about  half  way  from  the  eastern  extremity.  This  rock  rises  in 
knolls  and  hills  one  above  the  other  irregularly  disposed.     The 
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slates  stand  nearly  Teitical,  running  E.  20°  N.  This  passes  in- 
sensibly into  the  next. 

310.  Eock,  ma^esian,  yet  hareb  and  firm,  with  grains  of  free 
quartz;  o{  a  light  green  color.  Into  this  the  slate  graduates,  back 
and  £ortb.  This  resembles  some  forme  of  the  slates  at  Thompson, 
on  the  St.  Louis  river.    (See  469). 

Sll.  Greenish  porphyritic  rock  (with  albite?)  having  an  imper- 
fect jschistose  and  fibrous  structure,  and  some  free  quartz;  em- 
braced much  like  veins  in  the  slate  No.  310.  It  is  not  vein  matter, 
but  gradually  changes  to  the  slate  right  or  left,  the  slates  standing 
nearly  vertical  and  running  E.  20°  _N.  In  this  slate  are  also  s«ime 
large  veins  of  milky  quartz. 

This  outcrop  is  supposed  to  belong  to  what  the  Canadian  (Geolo- 
gists have  styled  the  Huronian.  It  underlies  the  quartzyte  and 
gunflint  beds,  apparently  nnconformably.  At  least  it  is  another 
and  distinct  formation  from  the  slates  at  Grand  Porti^. 

On  the  south  side  of  Gunflint  Lake,  a  little  further  west  than 
the  last,  is  a  low  outcrop  of  rock  like  No.  312,  which  occurs  strewn 
in  fragments  along  the  beach  more  or  less  on  the  south  side  of  the 
lake,  and  at  the  east  end.  When  broken  freshly  it  has  the  appear- 
ance of  a  gray  quartzyte  embracing  fragments  of  flint,  or  finer 
quartzyte,  somewhat  like  a  conglomerate.  The  matrix  is  coated, 
on  the  weathered  surfaces,  with  a  film  of  iron-rust  derived  from 
the  rock  itself,  but  the  siliceous  fragments  it  embraces  are  not  so 
coated.  This  appears  again,  in  a  low  exposure,  on  the  north  side 
of  the  lake,  about  a  mile  still  farther  west,  and  here  shows  plainly 
a  conglomeritic  structure  and  composition. 

312.  Quartzyte  conglomerate;  from  N.  shore  of  Gunfiint  Lake, 
west  of  the  outcrop  of  Nos.  310  and  311,  in  a  belt  running  to  the 
south  of  these.  At  the  exposures  of  the  rocks  310  and  311  the 
north  shore  is  bent  northward  abrubtly,  bringing  the  water  upon 
them,  the  strike  of  No.  812  forming  E.  and  W.  points  on  either 
side,  enclosing  a  bay  which  breaks  down  and  covers  No.  312. 
This  conglomerate,  or  breccia  appears  on  both  sides  of  the  lake, 
nearly  opposite.  The  fragments  are  of  gray  quartzyte  and  flint, 
all  angular,  not  water-worn.  Sometimes  the  fiint  seems  to  run 
through  the  rock  as  if  in  its  sedimentary  position.  The  matrix  is 
coated  with  an  iron  rust,  derived  from  the  oxidation  of  siderite 
which  constitutes  d  large  per  cent,  of  the  rock,  making  a  perma- 
nent film  all  over  it.  The  flinty  pieces  embraced  in  it  are  not 
thus  coated.  The  whole  is  contorted  in  bedding  and  broken;  it 
pertains  to  near  the  base  of  the  series.     (See  after  No.  927).    This 
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carbonate  of  iron  probably  derived  the  carbon  from  the  associated 
elates,  which  are  sometimes  black  with  it.  In  other  places  the 
iron  is  a  sesqnioxide — ot  in  some  places  it  seems  to  be  disseminated 
as  a  sulphuret,  as  in  No.  307. 

313.     Granite,  from  N.  E.  J  Sec.  24,  T.  65,  R.  4  W. 

313.  Granite  (with  garnets?),  from  S.  E.  J  Sec.  13,  T.  65,  N. 
R.  4  W.  Bock  of  this  tine  seems  to  compose  the  range  of  hills 
that  run  westwardly  from  here,  and  also  eastwardlj,  in  Canada. 
Where  this  range  crosses  the  river,  there  is  a  narrow  place,  and 
rapids  (2  ft.  fall);  but  south  of  this  the  level  is  that  of  Gunflint 
Lake.  But  in  about  40  rods  further  north  are  falls  and  cascades, 
over  the  same  rock,  the  descent  being  14  feet. 

315.  Granite  from  the  falls,  next  north  of  Guntlint  Lake,  (same 
as  No.  800).  This  granite  is  simitar  to  the  rock  305,  but  has  gen- 
erally less  amphibole  and  more  quartz.  This  and  that,  and  the 
last  belong  to  the  same  formation  and  class  of  rocks,  and  are  in 
the  same  range  of  hills. 

After  a  descent  by  the  river  through  rapids,  about  three  feet,  a 
small  portage  is  necessary  round  n  fall  in  the  river  amounting  to 
83  feet. 

At  the  foot  of  this  portage  the  level  of  the  river  was  found,  in 
1878,  to  be  about  four  feet  lower  than  usual,  even  for  low  water, 
and  a  wide,  freshly  drained  tract  round  the  shores,  showed  that 
there  had  been  some  channel  lately  acquired  by  the  river  at  alow- 
er  level,  or  that  like  Sunken  Lake,  in  Presque  Isle  county,  Michi- 
gan, some  underground  passage  was  at  that  time  able  to  carry  the 
whole  stream,  since  the  river  wholly  disappeared,  having  no  visible 
overland  flow.  The  last  water  seen  at  this  place  was  1030  ft.  above 
L.  Superior. 

Making  a  portage  of  about  half  a  mile  the  trail  strikes  water 
again  after  a  descent  of  52  feet,  at  N.  E.  comer  T,  65  4  W.  in  a 
lake.  Through  this  portage  the  rock  is  the  same  as  No.  313  and 
314.  The  country  however  is  not  so  hilly  as  in  the  quartzyte  and 
slate. 

Passing  two  short  rapids,  one  of  4  ft.  fall,  and  the  other  of  2 
feet,  a  portage  is  made  on  the  II.  S.  side,  to  the  level  of  a  little 
lake,  descending  18  feet,  with  the  same  granite  all  the  way. 
Granite  outcrops  frequently  through  this  town,  along  the  bounda- 
ry line,  and  sometimes  has  a  bedding,  though  indistinct,  that  dips 
to  the  south.  After  striking  the  granite,  the  country  loses  white 
pine,  and  is  supplied  more  abundantly  with  Banks  pine.     Norway 
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pine  IB  also  smaller,  as  well  as  all  other  treea.  The  knobs  every- 
where are  moutonne-ed. 

Below  the  last  little  lake  a  rapid  descends  6  feet;  then  again  by 
the  same  means  7  feet  in  two  small  rapids;  and  again  8  feet  to 
Banks'  Pine  Lake,  which  is  found  to  have  a  level  of  930  feet 
above  L.  Superior.  It  is  along(4  or  5  inili^)narrow  lake,  running 
N.  N.  W.,  reaching  within  |  mile  of  Si^anaga  Lake,  its  eastern 
extension  swinging  to  the  north  and  again  east  and  sontheast,  with 
islands.  Below  this  lake  are  two  rapids,  one  of  S  feet  and  one  of 
6  feet,  bringing  the  river  to  Saganaga  Lake,  with  a  level  of  916 
feet  over  Lake  Superior. 

316.  Granite,  from  the  rock  a  few  rods  below  these  rapids;  occa- 
casionally  dipping  S.     (See  No.  799). 

317.  From  an  island  in  L.  Saganaga,  on  Sec.  5,  T.  66,  R.  4  W. 
Lake  Saganaga*  has  many  islands,  and  all  are  of  the  same  rock, 

scantily  timbered  with  Banks'  and  Norway  pine,  with  a  sprinkling 
of  aspen  and  birches,  and  of  course  spruce,  tamarack  and  balsam  in 
suitable  situations. 

318.  White  quartz,  from  a  mass  on  the  east  side  of  an  island 
in  N.  W,  i  Sec.  14.  This  has  been  Jtome  drilled  into  and  blasted, 
but  the  quartz  seems  to  be  a  barren  mass.  It  is  milky  white,  and 
has  no  ascertainable  direction  or  form.  It  makes  a  conspicuous  ap- 
pearance on  the  coast,  and  extends  along  about  3  rods,  rising  about 
12  feet.  It  dues  not-  appear  inland  far,  nor  on  the  other  side  of 
the  island.  It  has  an  amethyst  color  sprinkled  through  it,  and  some 
fine  galena  scales.  This  rock  falls  down  on  the  beach  in  blocks, 
and  is  scattered  along  like  the  granite.  It  has  a  jointing  or  im- 
perfect, coarse  cleavage  structure  similar  to  that  furnishing  the 
quartz  chips  at  Little  Falls.  In  hammering  it  breaks  sometimes 
into  angular  small  bits,  and  in  the  weather  it  parts  in  the  same 
way. 

319.  On  the  next  island  north,  at  the  S.  W.  corner  is  an  out- 
crop in  form  and  disposition  like  the  last,  but  this  is  not  of  so 
pure  a  quartz.  The  quartz  is  somewhat  granular  and  porous,  and 
contains  cubes  of  pyrite,  which  by  oxydation  give  a  rusty  stain  to 
much  of  it.  This  also  ha.^  a  <'.onspicuous  exposure  in  the  midst  of 
the  enclosing  granite.  , 

3S0.     From  the  peniusula  dividing  Saganaga  Lake,  near  the  ex- 
tremity on  the  N.  W.  side.     There  is  quite  an  area  here  of  the 
same;  a  variation  in  the  rock  of  the  country,   being  almost  desti- 
tute of  amphibole{a  pegraatyte). 
*T)ie  word  Saganagu  3lK>'ine>i  tatni.d*.  or  many  Itlamie,  aiid  sfeinx  lo  be  (lie  plural  nl 
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321.  From  the  same  peninsula  about  1^  miles  further  west; 
coQsistinji;  of  quartz,  orthoclase  and  chlorite,  essentially  being- 
another  variation  in  the  rock  of  the  country.  The  coast  along  is 
pebbly  and  stony,  with  occasioaal  sand  beaches  in  the  bays.  This 
rock,  No.  321,  appears  to  disintegrate  more  easily  than  the  for- 
mer numbers,  and  rarely  appears  on  this  coast.  At  a  point  near 
the  first  narrows  the  same  rock  is  found  in  more  frequent,  and 
bolder,  exposure,  on  the  Canada  side.  At  this  point  a  short  por- 
tage is  made  toward  the  W.  into  a  small  lake,  over  the  rock  next, 
with  an  ascent  of  two  feet. 

322.  A  finer-grained  rock  like  No.  3^,  but  containing  some 
pyrite,  from  the  first  portage  going  west  from  Saganaga  Lake,  on 
the  international  boundary.  This  is  Oak  Portage,  from  a  little 
burr  oak  growing  there,  the  first  seen  on  the  boundary  tine  west  of 
Grand  Porta^^e. 

323.  The  shores  of  the  north  side  of  this  little  lake  are  made 
of  a  chloritic  quartz-schist,  of  a  gray  color,  being  much  like  one 
phase  of  that  seen  on  Gunflint  lake,  passing  to  massive  (310). 
This  is  laminated,  seamed  and  disturbed,  but  the  schistose  struc- 
ture stands  nearly  vertical,  like  that  on  Qunfiint  Lake,  and  yet 
slopes  to  the  south  50°  E.  in  general.  It  also  cont^ns  cubes  of 
pyrite. 

From  the  tops  of  the  hills  at  this  pltice  the  country  is  seen  to  be 
very  rough,  presenting  a  forbidding,  inhospitable  aspect.  It  ia 
rocky  and  burnt  off  on  each  side  of  the  boundary,  as  far  as  the  eye 
can  discern. 

The  descent  by  portage  into  Otter-Track  Lake  is  40  feet,  makinfp 
Otter-Track  lake  874  feet  above  Lake  Superior. 

324.  Near  the  portage,  on  the  U.  S.  side  is  a  more  compact  and 
massive  homogeneous  condition  of  No.  323.  It  ia  fine-grained, 
coarsely  jointed,  of  a  light  green  color,  and  in  making  this  por- 
tage the  trail  passes  over  the  same  variation  of  this  rock  as  that 
represented  by  No.  311,  on  the  north  shore  of  Gunfiint  Lake. 
Hence  this  seems  to  be  a  recurrence  of  that  formation. 

In  passing  along  the  south  shore  of  Otter-Track  Lake  (which  is 
narrow,  and  about  5  miles  long,  running  S.  W.),  this  formation  is 
sometimes  seen  to  be  evenly  bedded,  and  dips  at  a  much  less  angle 
(say  10  degrees),  toward  the  south. 

The  rocks  in  general  along  the  boundary  are  smoothed  and  round- 
ed, the  marks  of  glaciation  usually  being  indistinct.  At  the  Otter- 
Track  Lake  the  movement  seems  to  have  been  toward  the  S.  W.  in 
the  direction  of  the  valley.     The  absence  of  real  drift  materials 
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is  remarkable.  There  is  no  clay,  and  but  little  of  any  transported 
drift  of  any  kind  visible.  The  moutonne-ed  rocks  rise  in  hillocks 
everywhere,  and  are  bare,  or  thinly  covered  by  recent  vegetable 
mold.  Along  the  lake  shore  are  some  strange  boulders,  but  even 
there  the  bare  glaciated  surfaces  oft«n  run  down  into  the  water  of 
the  lake.  This  is  particularly  true  along  the  south  shore  of  Otter- 
Track  Lake,  while  the  Canadian  side  is  strewn  with  fallen  rock,  or 
is  roughly  broken  according  to  the  joints.  The  rock  blufls  here 
rise  from  10  to  100  feet  on  each  side,  the  Canadian  side  being  the 
lee  side  in  the  period  of  glaciation.  The  U.  S.  side  received  the 
greater  friction.  The  formation  dips  about  south,  tut  different 
systems  of  joints  cause  it  to  separate  in  angular  blocks,  and  almost 
to  appear  basaltic.  No  trap  was  seen  between  the  west  end  of 
Gunflint  Lake  and  Otter-Track  Lake. 

From  Otter-Trnck  Lake  there  is  a  descent  of  4  feet  to  Knife 
Lake;  the  latter  being  870  feet  above  Lake  Superior. 

325.  A  light-greeii,  tougli  magnesijin  rock,  perhaps  can  be  des- 
ignated a  cliloritic  or  serpentiuous  quartzyte.  From  the  Huronian 
slate  series  at  the  E.  end  of  Knife  Lake.  This  seriea  extends  from 
where  first  noted,  on  the  Oak  Portage  (from  Saganaga  Lake  west- 
ward), to  this  place,  at  least.  This  number  is  an  importantone  in 
the  seriea,  as  it  continues  a  good  part  of  the  distance  from  the  east 
end  of  Knife  Lake  at  least  to  the  narrows  of  the  same  lake,  (bet. 
Sec.  11  and  12).  The  rocks  all  have  a  greenish  color,  but  are  not 
always  slaty.  No.  325  is  not  slaty,  and  is  essentially  the  same  rock 
as  No.  324. 

326.  Pyritiferous  clay  elate;  3  miles  west  of  the  narrows,  on 
the  north  shore  of  Knife  Lake,  and  about  |  mile  east  of  the  por- 
tage to  the  next  lake  N.  W.  The  pyrite  cubes  are  generally  about 
J  inch  across. 

There  is  a  descent  to  the  next  or  Haple-teaf  Lake,  of  three  feet 
by  a  portage  going  N.  W.  from  Knife  Lake;  the  portage  being 
about  I  mile. 

827.  At  the  beginning  of  the  last  portage  the  rock  of  the  slates 
varies  to  a  blue-black,  fine-grained  siliceous  rock,  approaching  flint 
in  hardness  and  compactness,  with  conchiodal  fracture,  and  sharp 
edges;  sometimes  it  is  nearly  black.  It  ia  this  sharp-edged  rock 
that  gave  name  to  Knife  Lake.  It  is  only  local,  or  in  beds,  or 
sometimes  in  ridges. 

From  Maple  Leaf  Lake  the  next  portage  ascends  six  feet  to 
another  lake,  being  a  portage  of  about  15  rods. 

328.   At  the  beginning  of  the  last  portage;  a  clay  slate;  sometimes 
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afpUybe;  si&uding  "vertical  and  ruuDia^;  W  30°  S.  The  river 
from  the  last  Ifcke  (near  the  portdge),  runs  out  over  this  rock  in  a 
sort  of  cascade  ot  fall,  the  descent  being  34  feet,  to  Sucker  Lake, 
(or  Carp), 

The  size  of  these  lakes  is  oft«n  a  surprise  to  the  traveler.  They 
«zpaacl  uiiexpecte<lly,.where  the  prospect  is  entirely  shut  off.  They 
«re  shaped  by  the  geological  features.  They  lie  between  ridges  of 
the  Huronian,  and  these  ridges  run  approximately  K.  and  W, 
Sometimes  a,  narrow  opening  in  one  ridge  allows  the  lake  to  spread. 
Then  it  enters  another  narrow  valley,  and  runs  in  it  visibly  a  couple 
of  miles,  when  it  may  jog  back  s^mu  into  the  former  valley  by 
,  another  opening.  Only  one  acquainted  could  follow  the  boundary 
line  canoe-route.  Sometimes  entering  a  lake  it  appears  small,  but 
on  reaching  ite  visible  western  extremity  it  turns  by  a  narrow 
channel  and  spreads  out  a  couple  of  miles  further  west.  The  por- 
tages are  short. 

The  roofing  slates  (like  No.  :i26),  seems  to  run  westwardly,  as  the 
last  portage  goes,  to  Sucker  Lake,  and  appear  again  at  the  Sucker 
Lake  landing.     The  glaciation  along  here  wu«  to  the  S.  W. 

From  Sucker  Lake  the  portage  to  Basswood  Lake  descends  45 
feet,  making  Ba-wwood  Lake  792  feet  iilxive  Lake  Superior.  A 
river  of  considerable  volume  reaches  Baaswood  Lake  from  the  south 
near  the  point  where  the  portage  strikes  it,  said  to  come  from 
Sucker  Lake.  A  considerable  river  from  the  south  enters  Sucker 
Lake  about  a  mile  east  of  BiLsswood  Lake.  The  beach,  at  the  por- 
tage landing  from  Sucker  Luke,  is  of  granite  pebbles  and  sand,  but 
the  rock  of  the  country  is  yet  of  the  Huronian,  viz; 

329.  Dark  green  massive  serpentinouf^  rock,  etist  end  of  Bass- 
wood  Lake. 

330.  Three  quarters  of  a  mile  N.  W.  of  the  point  where  the 
portage  trail  reaches  the  lake,  on  the  United  States  side,  is  an  ex- 
posure of  choloritic  gneiss,  consisting  of  quartz,  feldspar  and  clor- 
ite,  and  having  a  gninulated  texture,  varying  to  a  syenite.  The 
gneissic  structure  dips  about  30*  to  the  west,  20*  north.  The 
most  of  the  valley  of  the  hike,  to  this  point,  is  probably  in  this 
rock.  The  shores  of  the  lake  and  of  the  islands  are  of  stones  of 
this  gneiss,  and  are  not  generally  rocky;  thus  being  in  great  con- 
trast with  the  shores  of  the  lakes  in  the  Huronian  belt  farther 
east,  which  are  almost  constantly  rocky. 

About  J  mile  further,  after  turning  S.  W.,  several  points  on  the 
south  shore  show  similar  rock,  but  the  schistose  structure  dips,  in 
one  case  N.  W.,  and  in  the  next  nearly  south,     .\gnin,  perhaps  a 
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mile  further,  uii  an  island  it  dips  X.     This  schistose  structure  is 
really  a  liedding,  the  beds. being  about  3^  inches  thick. 

331.  The  rock  of  the  country  at  Bassvrood  Lake,  taken  from 
an  island  two  miles  N.  W.  of  the  eastern  extremity.  It  is  white 
syenite  or  "granite".  At  2^  miles  further  it  is  seen  dipping  N. 
W.  Again  about  2  miles  further,  after  passing  the  narrows,  it 
still  dips  N.  W.  This  is  at  an  abandoned  post  of  the  Hudson':* 
Bay  Company,  anij  opposite  a  similar  station  on  the  U.  S.  aide, 
the  passage  between,  where  the  boundary  line  runs,  being  only 
about  thirty  rods  across.  The  same  dip  may  be  seen  at  othtr 
points  along  here,  and  in  the  vicinity  of  other  abandoned  posts. 
The  construction  of  the  "Dawson  rout«",  and  the  destruction  of 
fur  animals,  mainly  by  forest  fires,  have  diverted  and  diminished 
such  trading.  Before  passing  all  the  jtrading  posts  the  gneissic 
syenite  becomes  nearly  level,  and  there  shows  a  slight  dip  to  the 
S.  E.  This  gnei.ssic  structure  is  very  regular,  the  layers  being 
from  two  to  four  inches  thick. 

Making  a  portage  on  this  trail  to  Pipestone  Rapids  the  route 
crosses  an  arm  of  the  north  shore,  which  in  low  water  is  generally 
passed  by  following  the  lake  round  by  the  south.  This  port^e  is 
about  1^  mile  S.  W.  from  the  trading  posts,  there  being  several 
islands  intervening.  The  portage  is  short,  and  at  its  western  end 
is  an  interesting  series  of  exposures  of  rock,  exhibiting  the  int«r- 
stratiUcation  of  mica  schist.  (335)  with  guiess  and  syenite  (336  and 
337) — the  concordant  dip  continues  from  one  to  the  other,  show- 
ing they  are  all  of  one  formation  and  conformable,  or  that,  if  of 
different  ages,  the  Huronian  is  conformable  with  the  Laurentian. 
The  shore  line  rnns  N.  30=  E.,  and  S.  30°  W.,  and  there  is  a  high 
dip  to  the  beds  towai'ds  the  south,  about  80  or  85  degrees. 

332.  Near  the  portage  landing,  west  end,  in  a  low  exposure;  a 
fine  chloritic(?)  gneiss,  the  bedded  structure  sloping  S.  at  a  high 
angle. 

333.  Homblendic  schist,  overlying  No.  332,  an  interval  hid, 
being  between  them;  containing  also  chlorite. 

334.  Chloritic  hornblende  schist,  conformable  with  No.  833. 

335.  Biotite  mica  schist,  separated  from  No.  334  by  a  recur- 
rence of  rock  like  No.  332,  conformable  in  dip  with  the  last.  This 
includes  irregularly  shaped  masses  or  agglomerations  of  Nos.  336 
and  337;  also  has  thin,  irregular,  interrupted  and  contorted  inter- 
laminations  of  the  same.    They  are  certainly  iuterstratified. 

S38.     Biotite  (?)  homblendic  gneiss,  of  alight  gray  color,  al- 
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tempting  along  the  beach  two  or  three  times  conformably  with 
No.  335. 

337.  Similar  to  No.  336,  probably  one  of  its  modifications,  hav- 
ing more  hornblende. 

338.  Compact,  similar  to  the  last,  hut  darker  colored;  has  beds 
or  belts  of  No.  335,  and  finally  is  wholly  replaced  at  the  shore  line 
by  No.  335  for  a  short  interval,  while  No.  338  is  still  visible  inland 
a  few  rods,  in  the  bearing  of  the  strike,  showing  a  change  from 
one  to  the  other  in  the  direction  of  the  bedding,  as  well  as  trans- 
verse to  it.  But  a  short  distance  further  south  the  shore  is  wholly 
made  by  No.  338,  rising  higher,  in  coarsely  jointed  and  firm,  low 
hills. 

339.  Hornblondic  schist,  from  the  shore  of  the  same  lagoon,  on 
the  north  side,  where  the  same  interstrntified  condition  of  the  same 
kinds  of  rocks  appears  again. 

339.  B.  From  the  shore  near  No.  337  and  338.  not  in  place, 
but  supposed  to  be  from  these  beds. 

340.  A  little  further  west  from  No.  339,  on  the  north  ;side  of 
this  little  water,  the  rock  appears  as  a  micaceous  quartzyte.  which 
also  varies  to 

341.  A  blackish  quartzyte  (?).  somewhat  micaceous  income  of 
the  interlaminations;  which  varies,  a  little  further  along,  in  some  of 
its  interlaminations  to 

342.  A  gneissoid  quartzyte,  and  makes  a  high  blufT,  the  beds 
in  all  cases  dipping  to  the  south.  Then  the  rock  is  hid  to  the  next 
portage  (going  to  another  bay  of  Basswood  Lake,  westward). 

343.  But  just  where  this  portage  begins  the  rock  forms  a  con- 
.-epicnous  ontcrop  of  fine  syenite,  represented  by  this  number. 

These  numbere  (335,  336,  337,  339,  340  and  341)  make  up  the 
islands  and  occasional  exposures  across  this  hay,  but  the  moat  is  of 
No.  386*.  The  portage  from  this  lagoon,  in  which  the  above 
nnmbers  occnr,  is  across  an  arm  of  the  mainland  from  the  south 
shore,  which  is  sometimes  avoided  by  passing  by  water  farther  to 
the  north. 

344.  At  the  other  end  of  this  portage,  and  at  one  or  two  spots 
on  the  trail,  the  rock  is  a  tough  mica  schist.  This  here  also  em- 
braces strips  of  syenite  and  of  quartz.  These  appear  mainly  as  in- 
terlaminations, but  also  as  veins  crossing  the  laminations. 

345.  The  rock  along  the  shore,  passing  up  this  long  bay,  is  sy- 
enite, but  the  sample  of  this  number  is  taken  from  the  place  where 

a  Bchlit  aod  granite  \a  described  Id  Ludlow'* 
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the  tirwt  view  is  presented  up  the  long  bay  S,  W.  Hereit  is  even- 
ly bedded,  dipping  W,  and  is  of  pinkish  or  flesh  color.  This  con- 
tinues ]>aHt  one  or  two  small  points,  when  it  is  seen  to  dip  in  the 
opposite  direction.  Then  on  the  next  it  dips  again  southwest. 
The  surfaces  weathered  have  when  smoothed  a  pink  tint. 

Further  on  the  bedding  is  iiontorted,  (along  the  south  coast  of 
of  this  bay,)  and  confused,  appearing  almost  perpendicular  in  short 
intervals,  then  dipping  again  one  way  or  the  other.  Just  beyond 
this  confused  place  the  mica  schists,  &c..  come  in  again,  the  beds  be- 
ing almost  vertical  (i.  e.  the  schistose  structure)  yet  slopingalittle 
to  the  S.  W.  This  is  perhaps  a  mile  from  where  the  route  en- 
ters this  bay.  This  then  continues,  presenting  the  variations 
already  described,  to  micaeeous  quartzyte  &c.,  and  having  at  least 
two  systems  of  joints,  one  perpendicular  to  the  schistose  stnicture. 
and  one  cutting  it  obli(|uely,  sloping  N.  W. 

346.  Passing  to  the  north  side  of  this  bay,  within  a  half  mile, 
or  perhaps  more,  the  whole  changes  to  a  fine,  tough  gneiss,  which 
has  a  coarse  schistose  structure  that  makes  it  resemble  the  schists, 
being  probably  only  a  variation  of  the  schists. 

347.  A  little  further  aloug.  across  the  bay,  the  syenite  Fetums: 
but  here  a  schistose  structure  can  be  seen  on  weathering,  parallel 
to  that  seen  all  along.  This  forms  the  coast  for  some  distance  on 
the  N.  side,  at  least  to  within  J  mile  of  the  next  portage. 

Before  reaching  the  portage  a  ridge  of  schists  and  line  grained 
chloritic  rock  appears  along  the  south  side,  as  the  bay  narrows  up, 
presenting  a  columnar,  or  finely-jointed  structure,  somewhat  re- 
sembling the  basaltic. 

348.  This  is  mainly  a  tough,  greenish  schist,  crushing  under 
the  hammer  like  a  chloritic  schist,  apparently  having  a  dip  toward 
the  south,  nearly  perpendicular,  but  so  broken  by  jointage  planes 
in  different  directions,  and  confused  by  the  schistose  structure,  that 
it  is  exceedingly  uncertain.  This  rock  forms  the  lower  rapids  at 
the  mouth  of  Pipestone  H.  where  the  water  comes  down  to  the 
level  of  Baflswood  Lake,  the  fall  being  10  feet  from  where  the 
rapids  begin,  to  the  level  of  the  lake*. 

Near  the  foot  of  the  rapids  a  white  quartz  vein  crosses  the  river 

dii^nally.  running  about  east  and  west,  but  somewhat  zigzag. 

It  dips  at  an  angle  of  about  45  degrees  from  the  horizon  toward 

the  south,  and  is  about  5  feet  wide.     No  gold  or  other  mineral 

can  be  seen  in  it,  except  some  pyrites  in  the  grayish  rock  adjacent 

*Mr,  Kiiberl  Bell  questions  Hie  exMence  nl  Bttsgwonri  about  tbis  lake,  aiid  mggests 
iVhifftmnd  as  a  more  proper  name  ;  but  tbe  real  Baaswood  grows  at  Ihe  mouth  Mthls- 
rlT-^,  being  the  mo*t  nortliern  knonti  limit  of  thatspfclPfl  In  thp  state.  • 
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to  it  on  the  youth  aide.  The  formatioa  above  the  rapids  ia  about 
the  same  as  below,  but  here  it  becomes  the  pipestone  of  thia  local- 
ity. It  is  simply  a  schistose,  (ijeeiiish,  chloritic  (?)  rock,  being  a 
chloritic  (?)  slate  at  a  short  distance  further  up  the  river. 

M9.  Pipestone,  from  Pipestone  Rapids,  a  chloritic  rock:  not 
much  worked  nor  used. 

350.  Chloritic  (?)  slate,  from  Pipestone  Kspids,  just  above  the 
pipestone  rock.  This  slate  stands  nearly  vertical  but  dips  to  the 
south. 

351.  About  ^  mile  above  the  rapids  the  slates  dip  northwest. 
This  country  contains  much  pine,  but  not  generally  very  large. 

Indeed,  the  forest  is  all  pine.  The  same  is  tme  along  the  south 
shore  of  the  lake  before  reaching  the  river.  Between  the  first  and 
second  rapids  the  river  eitpands  so  as  to  be  more  like  a  lake,  with- 
out current,  and  embracing  several  islands.  The  lake  above  the 
second  rapids  is  known  as  Kawasachong  Lake,  and  is  8  feet  above 
the  water  below,  or  810  feet  over  Lake  Superior. 

352.  At  the  upper  end  of  tlie  second  rapids,  or  a  little  distance 
above,  near  the  portage  landing,  is  a  white  quartz  vein  in  this 
chloritic  rock  that  makes  the  rapids.  This  runs  S.  30*  "W.jand 
coincides  with  the  slate  in  dip.  which  is  toward  the  N,  W.  This 
quartz  embraces  rusted  pyrite.  and  has  tin  auriferous  aspect. 

353.  Slate,  soft,  greenish  (talcose  or  chloritic),  from  about  two 
miles  further  up  the  lake,  on  the  south  side.  There  ia  not  much 
exposure,  but  sufficient  to  show  the  formation  extends  to  here,  at 
least. 

354.  A  less  slaty  chloritic  slate,  from  the  same  place.  The 
slates  here  run  S.  30"  W.,  standing  nearly  vertical,  sloping  south. 
Indeed  this  direction  is  about  that  of  the  narrow  long  lake  in 
which  the  route  lies. 

The  forest  along  here  is  not  exclusively  one  of  pine,  but  much' 
white  pine  of  good  size  ia  scattered  all  through  it.  The  country 
is  generally  slightly  undulating,  but  not  hilly,  being  much  in  con- 
trast with  that  east  of  Baswood  lake.  There  are  low  ndges  of 
this  slate  that  cross  the  country,  but  they  hardly  produce  a  percep- 
tible change  in  the  general  surface  features. 

355.  At  about  a  mile  further,  on  the  same  side,  a  more  massive 
and  siliceous  slate  appears,  showing,  also,  some  white  quartz  veins. 
This  is  probably  a  variation  of  the  slate,  and  is  exposed  but  a  short 
distance.     The  beaches  are  sandy  along  here. 

A  short  distance  further  west  the  Kawasachong  river  enters 
Kawa-'achong   Lake.     This   river  comes  from  Birch   Lake,   and 
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along  it  is  a  canoe  route  to  Beaver  Buy,  on  Lake  Superior.  Birch 
Lake  is  the^third  lake  aouth  of  Kawattachong  Lake  by  this  route. 
The  maps  generally  represent  this  river  as  entering  several  miles 
too  far  east. 

The  Kiiwaaochong  falls  are^isible  from  the  lake.  They  descend 
about  40  feet — split  and  straggling  in  low  water.  Here  is  a  large 
exposure  of  the  same  rock  an  No.  35.5,  but  less  siliceous,  which 
really  appears  to  be  the  same  as  the  "pipestone"  at  Pipestone 
Rapids.  It  also  contains  here  narrow  white  quartz  veins  and  de- 
posits, and  some  two  or  three  feet  wide.  One  such  appears  in  the 
river,  just  below  the  falls.  The  falls  are  within  30  rods  of  the 
lake,  and  the  river  is  one  of  good  size.  This  rock  is  neither  bed- 
ded, jointed  nor  sebiatose,  but  it  breaks  with  a  very  coarsely  schia- 
toae  miinner,  and  each  piece  runs  to  blunt  points  lenticulaiiy- 
Chlorite  permeates  and  colors  it.  It  seems  to  be  closely  seamed 
in  all  directions,  but  not  with  any  regularity,  if  we  except  the  gen- 
eral schistoid  fracture,  which  coincides  with  the  slates  in  being 
neoriy  perpendicular,  and  yet  in  sloping  to  the  south.  It  abounds 
in  (taleose?  or)  chloritic  jind  hsematitic  slickensides.  It  is  every- 
where rough,  superficially,  and  mashes  under  the  hammer  before 
breaking,  and  then  breaks  toughiy. 

356.  Rock  from  the  Kawasachong  Falls  on  Kawasachong 
River.  The  same  rock  appears  on  the  lake  shore  at  points  further 
west. 

At  the  next  point,  ^  mile  from  the  mouth  of  the  river,  it  ap- 
pears again  more  like  No.  855. 

At  the  next,  IJ  miles  from  the  river,  it  is  the  same. 

At  the  next,  nearly  1^  mile  from  the  mouth  of  the  river,  it  is 
more  like  No.  356. 

The  same  or  similar  rock,  at  leant  the  Huronian  slates,  etc., 
continue  to  the  end  of  this  lake,  when  a  portage  is  made  to  another 
lake,  avoiding  the  river  on  account  of  very  low  water,  :following 
the  "winter  trail,"  which  sets  ont  from  another  arm  of  the  lake 
further  toward  the  north. 

357.  Occurs  just  at  the  point  of  the  beginning  of  the  "  winter 
trail"  from  Kawasachong  Lake  westward;  a  chloritic  slate,  running 
nearly  S.  W.  and  sloping  to  the  S.  E.  This  portage  ascends  80  feet 
and  descends  17  feet  leading  to  Long  Lake,  which  is  thus  873  ^t 
above  Lake  Superior.  On  this  portage,  in  its  eastern  half,  are  sev- 
eral outcrops  of  slate  like  that  already  noted  at  Kawasachong  Lake.' 
but  mainly  the  country  is  drift-covered  with  less  rock  exposure. 
Along  north  of  this  portage  (which  is  about  1|  miles  long)  is  a 
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hilly  range  ruDniug  nearly  parallel  with  Long  Lake  aud  also  with 
Eawasachoug  Lake,  which  appears  to  be  of  the  Huronian,  judged 
by  exposures  that  uri;  seen  along  the  Uke  shores.  There  is  still 
considerable  pine  in  the  forest,  especially  on  the  south  side,  the 
north  side  being  more  biirnt. 

S6fi.  Chloritic  or  serpentinous  rock  from  an  island  near  the 
west  end  of  Long  Lake;  continuation  of  the  same  formation  as  at 
Kawasachong  Falls. 

The  country  at  the  west  and  northwest  end  of  Long  Lake  is 
more  rough  and  has  more  exposures  of  rock.  It  is  likewise  more 
burnt. 

From  Long  Lake  the  course  of  travel  by  canoe  is  up  a  river 
toward  the  west,  perhaps  a  mile  (in  a  right  line),  then  up  a  tribu-  . 
tary,  turning  to  the  right;  then  after  J  mile  further,  a  portage  [\ 
mile)  is  made  to  Bumside  Lake,  904  feet  above  Lake  Superior. 
This  portage  in  general  goes  N.  of  W.  and  over  a  part  of  the  ridge 
of  bills  mentioned  as  running  along  the  north  side  of  Long  Lake. 
The  rock  in  these  hills  where  crossed  by  the  portage  trail  is  a. 
tough,  chloritic  rock,  viz: 

359.  Firm,  tough,  chloritic  rock;  perhaps  a  fine-grained  pruto- 
gine  from  the  hill-range  running  on  the  north  side  of  Long  itnd 
Kawasachong  Lakes,  on  the  portage  from  Long  Lake  to  Bumside 
Lake.  This  rock  at  a  distance  appears  gray  and  granite-like  under 
the  weather. 

Netir  the  west  end  of  the  portage'  trail,  on  Burnside  Lake,* 
within  an  area  of  30  feet  square,  the  following  numbers,  from  360 
to  367,  both  inclusive,  were  obtained,  Nos.  360  and  361  compris- 
ing the  bulk  of  the  rock. 

360.  Greenish-gray  fibrous  hornblende  rock,  somewhat  serpen- 
tinous  or  chloritic. 

361.  Dark-gray  homblendic  rock,  chloritic. 

362.  Glistening  chloritic  schist. 

363.  Hornblende  schist,  chloritic. 

364.  Granular  rock,  consisting  of  hornblende  and  imperfectly 
crystalline  orthoclase. 

365.  The  same,  with  (juartz  and  chlorite.  The  disintegration 
of  this  orthoclase  produces  sandy  beaches  sometimes  about  these 
lakes. 

366.  The  same,  with  less  hornblende,  and  a  reddish  color  in 
the  orthocla3e(?), 

367.  White,  glassy  quartz,  becoming  colored  red  by  heematite. 


■Tltl9i  name  Is  a  numipt  (nuinlBtloii  of  the  Indian  word  signifying  Bumt-iMe. 
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These  numbers  are  all  Arrangect  in  a  crooked  lamiDation  or 
coarse  schistoBe  structiure,  parallel  with  the  same  seen  in  the  elates 
about  here.  The  hombleniJe  schist  (No.  363).  and  the  hornblende 
and  feldspar  rock  (Xo.  3ft4)  (gradually  iuterchange.  or  pass  onvard 
to  NoA.  365  and  366.  Large  mBSses  in  knolls  and  hills  lie  in  the 
immediate  neighborhood,  made  up  of  the  same  rocks. 

But  further  west,  on  the  same  side  of  the  lake,  the  hills  are 
more  of  the  nature  of  No.  365,  yet  are  in  the  same  way  associated 
with  hornblende  rock  and  schist,  viz: 

368.     Chluritic  syenite.     North  side  of  Burnside  Lake. 

869.  Flesh-colored  chloritic  gneiss.  A  vein  or  layer  in  No. 
370. 

370.     Chloritic  gray  quartzjte,  compact  and  hard. 

The  foregoing  are  all  (359-370)  conformable,  when  they  show 
any  stratification  at  all,  which  is  always  the  case  except  when  there 
is  a  full  transition  from  No.  363  or  364,' or  even  from  360.  to  No. 
368.  In  that  case,  when  No.  368  is  fairly  set  in  the  parallel  struc- 
ture, alwaytj  dipping  at  a  high  angle  to  the  south  (or  a  little  east), 
becomes  more  and  more  indistinct,  or  is  lost,  and  in  its  place  a 
jointage  running  in  different  directions,  hardly  e^er  parallel  with 
the  schists,  is  substituted.  Yet  even  then,  in  some  weathered  sit- 
uations, a  oatuml  parting  of  the  rock  brings  out  a  rude  schistose 
structure  parallel  with. that  in  the  slates.  It  is  impossible  here  to 
state  whether  these  alternations  of  rock  indicate  a  coming  on  of 
the  Laurenti an. conformably  in terst ratified  with  the  Hurouian,  or 
that  the  wyenite  l*  all  in  the  Hiironian.  The  line  of  travel  through 
here  is  nearly  in  the  strike  of  the  Huronian.  but  has  been  (since 
leaving  Long  Lake)  a  little  to  the  north,  so  that  if  this  be  a  begin- 
ning of  the  LaurentiiUi  it  comes  on,  in  accordance  with  the  dip, 
conformably.  This  series  of  rocks  apparently  runs  along  the 
north  side  of  Long  Lake,  some  distance  from  the  shore. 

The  islands  and  the  aspect  of  the  coast  and  the  country  about 
Burnside  Lake,  traveling  on  a  line  a  little  west  of  south,  appear 
like  those  of  Saganaga  Lake.  The  islands  are  nearly  as  numerous. 
The  rock  however  is  of  this  transition  series  of  hornblende  schists 
and  syenites.  The  veins  of  syenite  are  sometimes  white  and  some- 
times reddish,  and  are  often  contorted  in  the  achists.  They  project 
above  the  surface,  reminding  one  of  the  chain  coral  in  the  Lower 
Silurian  limestone.  The  syenite  weathers  reddish  along  the  lake 
shore,  but  the  schists  do  not. 

Through  Long  Lake  the  glaciation  runs  S.  W..  or  in  the  same 
direction  as  in  Otter-Track  Lake.     About  Burnside  Luke,  although 
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the  rocks  are  all  domed,  there  is  little  evidence  of  the  direction  of 
morement.  The  islands  are  of  bare  rock,  especially  at  the  west 
end. 

There  are  places  along  Bornside  Lake,  toward  the  west  end, 
where  no  bedding  nor  dip  can  be  discerned,  even  in  the  hom- 
blendie  rocks,  but  the  whole  is  disturbed  and  confused  by  jointing. 
But  near  the  river  where  the  route  leaves  the  lake  westward,  the 
bedding  appears  running  more  south  and  dipping  at  a  high  angle 
N.  W. 

371.  At  the  mouth  of  this  river  leaving  Bumside  Lake. 

372.  At  the  same  place. 

These  are  almost  an  exact  repetition  of  Nos.  369  and  370,  except 
that  No.  372  is  more  sjenitic.  Ridges  and  knolls  of  thb  rock  here 
rise  fifty  feet  or  more  above  the  lake.  Ascending  this  river  about 
a  mile,  a  portage  is  then  made  of  another  mile  to  Mud  Lake,  the 
whole  ascent  being  14  feet,  or  to  918  feet  above  Lake  Superior. 

Along  Mud  Lake  the  same  series  of  rock  continues. 

373.  Clay  slate.     From  the  N.  E.  end  of  Mud  Lake. 

374.  Clayey  quartzyte  (?).     Prom  the  N.  E.  end  of  Mud  Lake. 

These  are  from  the  N.  W.  side  of  Mud  Lake,  in  close  approxi- 
mation. The  schistose  or  slaty  structure  is  apparent  here,  and 
runs  south  30'  W.,  nearly  vertical. 

375.  A  quartz  or  chloritic  schist.  Mud  Lake,  at  a  point  a  little 
further  S.  W,  from  No.  374,  when  the  lake  turns  more  to  the 
south. 

About  half  a  mile  further  S.  W.  an  old  mining  location  can  be 

376.  From  the  old  mining  location  on  Mud  Lake.  The  rock 
here  is  like  that  of  No.  375,  but  perhaps  more  compact.  It  is  py- 
ritiferous.  It  has  a  gray  color,  with  mottlings  of  light  ^een  and 
glassy  grains  of  quart'A.  It  is  firm  and  hard,  the  greenish  partx 
being  apparently  amorphous  with  a  hardness  about  4. 

The  vein  matter  here  was  apparently  wholly  exhausted  by  the 
mining  operations.  It  was  a  lenticular  mass  about  20  feet  long, 
and  not  probably  over  12  inches  thick,  tapering  up  and  down  in 
conformability  with  the  rock  enclosing  it,  and  running  also  in 
the  same  direction.  The  white  quartz  here  mined  is  apparently 
the  same  as  that  disseminated  through  the  rock,  but  in  larger  local 
abundance. 

377.  Vein  matter,  quartz  and  ore,  from  Mud  Lake.  This  ore 
contains  plainly  chalcopyrite,  pyrite  and  galenite,  and  probably 
gold. 
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■iia.  <juartzitic  state,  with  talcose  partings;  truia  about  half  s 
mile  further  after  descending  a  shallow  river-lagoon. 

This  river  is  thence  followed  S.  W.  to  Vermilion  Lake,  the  fall 
being  about  9  feet,  making  Vermilion  Lake  about  309  feet  above 
Lake  Superior. 

37ft.  Ohloritic  achist  from  the  N.  E.  end  of  .Vermilion  Lake, 
where  the  stream  from  Mud  Lake  enters  it.  This  rock  is  like  that 
in  a  range  of  hilU  which  contiunes  all  the  way  to  Mud  Lake,  along 
the  north  side  of  this  stream,  apparently  confining  the  stream  on 
that  side,  the  slates  running  W.  S,  W.  at  Vermilion  Lake. 

Round  Bumside  and  Mud  Lakes,  and  at  the  N.  E.  end  of  Ver- 
milion Lake  the  Huronian  is  rougher,  itnd  considerably  more  de- 
nuded, the  ridges  being  higher.  At  the  same  time  there  is  net 
diminution  in  the  drift. 

380.  Vermilion  Lake,  at  one  mile  S.  W.  from  the  mouth  of  the 
stream  from  Mud  Lake:  a  massive  chloritic  syenite. 

381.  The  next  point  S.  W.  along  the  S.  E.  shore  of  VermilioD 
Lake,  shows  a  gray  born  bletidic  (?)  rock,  jointed  and  with  white 
ijuart/.  veint,  or  deposits  in  the  joints. 

382.  White  quartz,  from  a  yein  on  S.  E.  side  of  Vermilion 
Lake,  running  in  No.  381.  This  is  a  conspicuous  white  quartz  belt, 
running  up  from  near  the  water  level,  a  little  S.  W.  from  the  last 
point,  being  a  local  and  irregular  deposit,  not  hnviug  much  depth. 
It  splits.  It  stands  above  the  surface  nearly  a  foot,  ft  holds 
chalcopyrite,  which  superficially  lia.s  colors  like  bomite.  it  is 
about  3  ft.  thick,  and  ha.H  been  dug  through  by  some  "prospector." 

The  schiitose  structure  along  here  runs  but  little  S.  of  W.  It 
is  indistinct,  on  account  of  the  rock  becoming  massive,  or  only 
jointed. 

Passiitg  a  long  arm  or  bay,  running  a  little  N.  of  E.  the  rock  on 
the  first  point  south  of  this  bay  is 

383.  A  gneissje  and  feldspathic  chloritic,  gray  quartzyte.  The 
schistose  stnicture  nins  a  little  S.  of  W,  and  is  hardly  discern- 
ible. There  is  a  close  jointage  that  appears  here,  and  at  other 
points,  that  closely  resembles  the  schistose  structure  when  it  be- 
comes slaty,  transvert-e,  (nearly  at  right  angles)  to  the  schistose 
stnicture.  This  is  plainly  a  jointage  simply,  and  not  anything 
that  affects  the  tissue,  as  when  a  specimen  be  broken,  it  breaks 
vrith  the  schistose  structure,  parallel  with  it:  and  if  it  be  from  be- 
tween two  planes,  or  has  a  joint  on  two  sides,  it  will  persistently 
remain  triangular  although  it  be  broken  till  reduced  to  too  small 
a  size  for  preservation. 
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384.  Half  n  mile  further  ulong,  the  schistose  structure  plainly 
returns  and  is  W.  S.  W.  and  also  the  chloritic  or  talcose  character. 
This  number  is  a  talcose  (?)  and  at  the  same  time  a  schistose 
quartzyte,  with  considerable  greenish-gray,  amorphous,  feldspathic 
(?)  mineral,  and  seems  to  be  allied  to  the  rock  No.  311,  on  the 
north  side  of  Gunflint  Lake. 

This  part  of  Vermilion  Lake  is  filled  with  rocky  islands. 

385.  About  a  mile  a  little  west  of  south  from  the  last,  on  a 
point;  a  dark  colored  siliceous  slate,  or  horn-stone,  mainly  in  regu- 
lar and  tbin  sheets,  but  in  some  places  confused,  the  slates  run- 
ning W.  S.  W.  and  sloping  to  the  south,  but  nearly  perpendicn- 
lar. 

386.  On  a  small  island  near  the  S.  E.  shore;  rock  like  No.  384. 
Here  the  schistose  structure,  sloping  K  E.  runs  S.  60°  W,  by  com- 
pass,* and  is  aometimes  a  little  wavy.  In  these  descriptions  slaty 
and  schistose  express  variations  only,  of  the  same  structure. 

387.  About  a  mile  S.  W.  of  the  last  the  rock  varies  to  a  schis- 
tose, chloritic  syenite,  of  a  light  gray  color.  This  is  apparently 
only  a  variation  in  the  ingredients  of  No.  386.  It  is  a  firm  rock, 
and  at  a  distance  appears  like  massive  granite  or  syenite ;  yet  along 
the  lake  shore  it  parts  in  a  gneissoid  manner.  It  rises  higher  than 
the  adjacent  hills,  and  is  coarsely  jointed,  so  that  its  rhomboidal 
parts  rise  like  whitened  she^ps'  backs.     It  extends  perhaps  20  rods. 

388.  Half  a  mile  further  west  therockisagray  quartzyte.  with 
much  white  quartz  in  veins  and  joints. 

389.  A  mile  further  west,  -and  near  the  entrance  to  the  bay 
that  leads  to  the  portage  going  south  from  Vermilion  Lake  to 
Squagemaw  Lakes,  the  rock  of  this  number  which  is  a  gray  chlo- 
ritic schist,  is  seen  to  have  a  nearly  east  and  west  slaty  structure, 
varying  to  a  little  S.  of  W.  This  slaty  structure  is  intersected  di- 
agonally by  alternations  in  the  rock  due  to  sedimentation,  running 
nearly  N.  W.  and  S.  E.  The  kinds  of  rock  exhibited  by  this  al- 
ternation are  as  follows,  from  No,  389  to  No.  394  both  inclusive, 
the  former  being  on  the  N.  E.  side  and  the  latter  on  the  S.  W. 
side. 

390.  Chloritic  slate,  greenish,  soft. 

391.  Pyritiferous,  gray,  quartzyte.  chloritic. 

392.  Argillyte,  or  clay  slate. 

393.  Chloritic  gneiss. 

394.  Siliceous,  chloritic  slate. 
Olaciation  across  these  beds  rans  N.  and  S. 

'Uagnellc  illrectlons  In  Ihta  rFport  are  all  Iir  rontpas'. 
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At  the  Qovemment  Station,  where  the  IndiouB  are  taught  to  do 
Bome  farming,  which  is  a  little  N.  of  W.  from  the  last  point,  the 
New  York  Mining  Company  formerly  Sought  gold  in  the  quartz 
and  talcoBe  (?)  rock  of  the  country, 

395.  Fine,  soft,  hydro-mica  slate.  This  rock  has  generally 
beeu  denominated  talcose  slate,  and  it  may  be  correctly.  This  will 
have  to  be  determined  by  laboratory  examinations.  This  is  from 
the  N.  Y.  Company's  location,  at  the  Government's  Station,  sad 
the  slates  run  15°  S.  of  W.,  and  glacial  marks  lO"  W.  of  S.  The- 
strike  of  the  stratification,  as  mentioned  under  No.  389,  is  E.  and 
W.,  the  slates  crossing  the  strata  diagonally. 

396-  "  Gold  "  quartz,  from  the  above  mining  location.  This  is 
white.  It  is  scattered  in  the  joints  and  irregular  veinings  in  No._ 
S95,  similar  to  what  may  be  seen  in  many  places  about  Vermilion 
Lake.  '(See  Report  for  1878,  p,  28.) 

397.  The  Minnesota  Company's  location  was  about  three  miles 
north  of  the  Government's  Station,  on  the  west  coast  of  a  lake, 
opposite  the  long  point  projecting  fnim  the  N.  shore.  Here  the 
rock  is  a  coarse  chloritic  slate,  having  u  close  relationship  with 
that  of  No.  395.  The  .slaty  structure  runs  about  E.  and  W..  and 
glaciation  about  N.  and  S..  or  a  trifle  east  of  south. 

398.  The  quartz  from  this  mining  location,  occurs  in  the  joints 
of  the  rock,  in  irregular  deposits,  but  generally  coincident  with 
the  slatiness.  It  carries  considerable  py rite,  which  is  also  scattered 
through  the  slates. 

399.  Talcose  (?)  slate,  from  Bitaond's  location.  This  is  far- 
thest N.  W.  (or  W.)  and  about  four  miles  from  the  outlet  of  the 
lake ;  and  between  this  and  the  Minnesota  Company's  location 
was  tliat  of  Nobles,  numerous  islands  occurring  all  along.  This 
number  represents  the  country  rock.  It  Is  siliceous,  and  contains 
scattered  nests,  or  broken  layers  of  white  quartz,  both  coincident 
with  the  slates  and  in  the  diagonal  jointage.  Pyrite  is  scattered 
through  the  quartz,  and  through  the  slates,  and  particularly  in  a 
line  of  contact  where  they  unite,  the  quarts  becoming  gray. 

400.  Quartz  from  the  same  point. 

401.  Near  the  western  extremity  of  a  point  or  peninsula  that 
comes  near  the  south  shore  from  the  north.  A  little  island  here 
shows  rock  like  that  on  the  north  side  of  Bumside  Lake;  a  mica 
schist.  This  is  arranged  in  laminations  that  run  S.  55  °  W., 
sloping  S..  and  embraces  liiminations  and  wide  belts,  also  con- 
formable with  the  rest  (except  where  large  areas  come  in)  of 

402.  Syenitic  gneiss  {and  of  quartzyte);  also 
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403.  Micaceous  hornblende  rock,  apparently  hornblendic  syen- 
ite. 

Where  No.  402  occurs  in  large  areas  its  boundary  is  not  always 
parallel  with  the  schists,  but  jogs  ficross  a  foot  or  two  of  them 
and  then  runs  again  parallel,  sometimes  also  crowding  them  con- 
fusedly. This  is  on  the  island  nearest  the  point  at  the  narrow 
passage  for  canoes  bound  west.  The  extremity  of  the  point  is  of 
the  same  character  of  rock,  but  the  change  from  the  talcose  (?)  to 
mica  slate  or  schist  is  very  gradual  and  imperceptible,  the  colors 
and  characters  blending  and  mixing  apparently  in  the  same  rock. 
At  the  same  time  the  quartz  iiiterlaminntions  and  deposits  of  the 
talcose  (?)  slates,  mined  for  gold,  become  syenite  in  the  mica 
schists  (with  fewer  quarts  veins). 

Further  north,  perhaps  a  mile,  the  syenite  runs  both  obliquely 
across  the  schists,  in  sharply  defined  veins,  and  also  neatly  coinci- 
dent with  them.  In  one  case  a  belt  curves  round  from  one  system 
to  the  other-  There  is  also  in  the  schists  a  net  work  of  harder, 
more  quartzose  rock,  which  crosses  itself  both  finely  and  coarsely, 
and  becomes  evident  on  the  weathering  of  the  formation  along 
the  water  line.  The  schists  here  also  contain  fine  crystals  of 
pyrite. 

404.  About  a  mile  and  a  half  further  northwest,  up  a  deep  bay, 
is  a  ridge  of  granite,  massive  and  jointed,  not  laminated  or 
schistose.     This  is  on  a  point  of  the  N.  shore. 

405.  A  few  rods  further  a  ridge  of  this  rock  appears.  This  is 
firm  mica  schist,  with  reticulations  and  interl  ami  nations  of  gray 
quartzite  and  quartz,  and  also  cross  layers  and  interl  am  in  ations  of 
syenite.  In  the  main  the  syenite  is  coincident  with  the  schistose 
structure.  In  this  locality  are  many  islands,  made  up  appnrantty  of 
rock  like  No.  405,  north  of  which  is  a  large  bay  running  far  west. 
North  from  the  last  point  on  the  north  side  of  this  bay,  the  mica 
schists  again  are  seen,  of  the  same  kind  as  the  last,  but  the  struc- 
ture and  laminations  all  dip  to  the  north  (a  trifle  east)  at  an  angle 
of  about  30°  from  the  horizon. 

406.  Mica  schist  from  the  north  side  of  this  long  bay  (as  above 
noted)  with  included  gneiss,  on  the  north  shore  of  Vermilion 
lake. 

407.  A  micaceous  quartz,  from  near  the  same  point. 

This  coast  is  bold  and  more  rocky,  nmning  NE.  The  dip  and 
character  of  the  last  continue  northeastward  paat  several  points, 
the  rock  becoming  more  granitoid. 
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408.  Fairly  represents  the  whole  of  the  exposure,  a  coufused 
granitoid  rock,  with  patches  of  mica  schist. 

409.  Granite.  On  the  next  little  point,  which  encloses  (on  the 
E.)  a  deep,  narrow  bay  running  N.  to  the  outlet  of  Vermilion  L.  is 
an  exposure  of  gneiss  which  passes  confusedly  to  granite  and  to 
mica  schist,  but  has  no  schistose  structure.  It  appears  as  if  a  very 
coarse  conglomerate  might  have  been  brecciated  and  then  meta- 
morphosed. There  are  small  patches  of  mica  schist  surrounded  by 
gneiss,  and  bands  of  coarse  granite  running  through  the  whole 
varying  to  a  fine  granite,  and  so  to  a  micaceous  quartzyte.  It  ia 
smooth,  massive  and  bare. 

410.  Granite  ;  same  place  as  No.  409 — pinki'<h. 

411.  Granite  ;  same  place  as  No.  409— pinkish. 

412.  Mica  schist ;  same  place  as  No.  409. 

413.  Mica  schist,  from  the  Vermilion  rapids,  at  the  outlet  of 
Vermilion  Lake  northward. 

At  the  outlet,  which  leaves  the  lake  northwardly,  and  which 
seems  to  be  in  the  northwestern  part  of  the  lake,  the  water  goes 
down  about  50  feet,  with  considerable  tumult,  over  large  boulders 
of  coarse  granite,  without  much  exposing  the  underlying  rock  in 
situ  along  the  river.  But  by  the  freshness  of  slabs  of  mica  schist, 
and  their  size,  it  may  be  inferred  that  the  rock  under  the  rapids  is 
No.  413,  and  on  the  east  side  of  the  bay  from  which  the  river  goes 
the  same  rock  as  No.  413  can  be  seen  in  situ. 

Eastward  from  the  Outlet  bay  the  rock  soon  appears,  and  is  a 
coarse  granite,  viz : 

414.  Granite,  with  a  little  mica  schist  in  spots. 

416.  Mica  schist,  embraced  in  No.  414 ;  north  shore  of  Ver- 
milion Lake.  The  same  (granite  and  mica  schist)  continue  ronud 
the  deep  bay  running  east,  and  along  the  south  shore  of  the  same, 
so  far  as  the  few  exposures  allowa  judgment  to  be  formed,  and  on 
the  point  where  the  shore  finally  turns  south  again,  the  rock  is 
also  mica  schist,  enclosing  patches  of  coarsely  crystalline  granite, 
the  whole  dipping  N. 

416.  Mica  schist,  from  long  point  on  the  N.  shore  of  Vermil- 
ion Lake,  east  of  the  outlet;  varying  to 

417.  Micaceous  quartzyte. 

This  long  broad  point,  which  extends  southwardly,  leads  to  the 
location  of  No.  404  and  No,  405,  The  mica  schist,  with  associa- 
ted granite  (or  No.  404)  occupies  the  N,  shore  all  the  way  round. 
It  is  not  yet  possible  to  say  whether  jthese  granite  and  syenite 
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areaa  are  embraced  in  the  Hurooian  or  indicate  a  conformable  ap- 
proach to  the  Laurentian. 

418.  At  about  a  mite  S.  E.  from  the  location  of  No.  404  and 
No.  405,  on  the  north  shore  of  the  lake,  but  on  the  south  shore  of 
this  long  broad  point,  on  the  N.  side  of  a  bay,  is  seen  this  fine 
granite,  and 

.  419.  Micaceous  quartzjte.  These  are  about  equally  divided  in 
making  a  rocky  point,  and  have  a  schistose  structure  running  S. 
15°  W.,  nearly  vertical.  The  point  is  high,  firm  and  bare,  the 
schist  beiugknitby  reticulations  of  harder  quartzyte,  and  by  bands 
of  granite,  so  as  to  resist  disintegration. 

There  are  several  other  outcrops  of  similar  rocks  on  this  long 
point,  as  far  as  to  and  beyond  a  long  bay  running  S.  W.  This 
bay  along  the  south  coast  is  rocky,  and  is  made  up  of  mica  schist 
with  reticulations;  but  it  is  softer,  finer  and  apparently  approxi- 
mating a  talcose(?)  character.  Olaciation  here  runs  S.  30°  W. 
and  the  slates  run  in  about  the  same  direction:  represented  by 

420.  Soft  mica  schist. 

421.  ■  As  this  "north  shore"  begins  to  turn  east,  the  coast  is 
iigh  and  rocky.  This  is  after  passing  the  narrow  canoe  passage 
mentioned  under  No.  403,  and  S.  E.  from  Simond's  location  about 
a  mile.  There  is  a  prominent  system  of  joints  dipping  N.  and  not 
an  evident  schistose  structure.  The  veins  and  joints  are  either 
white  quartz  (some  has  been  worked  slightly)  or  are  quartzitic. 
The  reticulations  mentioned  as  seen  in  the  mica  schist  are  much 
less  distinct,  or  are  wanting.     The  rock  is 

422.  A  talcose  (P)  quartzyte. 

Three-fourths  of  a  mile  further  east  this  rock.  No.  422,  shows  a 
schbtose  structure  running  W.  S.  W.  and  sloping  to  the  south  (or 
S.  E.)  The  slabs,  sliding  off  according  to  the  joints,  hide  from 
first  view  this  structure,  and  also  make  the  immediate  shore  pre- 
cipitous. 

423.  Ore  from  Nobles' mining  location;  Vermilion  Lake.  This 
is  about  a  mile  N,  W.  from  the  Minnesota  Company's  location, 
and  on  the  south  side  of  a  long  point  extending  S.  E.  from  the  west 
shore,  and  on  the  north  side  of  the  included  bay.  The  rock  is  a 
chloritic  (or  talcose)  (?)  slate,  varying  to  a  gr^nish  schistose 
quartzyte.  It  has  pyrite  crystals  scattered  through  one  or  two 
narrow  quartz  veins  (each  1  to  4  inches)  and  also  through  much  of 
the  siliceous  rock  itself.  The  frame  of  their  mill  still  stands,  and 
two  large  reverberatory  furnaces,   amid  the  mins  of  other  ma- 
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chinery.     The  stamps  were  five,  made  in  Ohicimo.     In  this  mill 
much  of  the  country  rock  was  crushed  ua  well  jw  the  quartz. 

424.  Ohloritie  schbt:  from  :i  little  we^t  of  the  Minnesota 
Co. 'a  location.  The  structure  here  runs  W.  S.  W.  and  slopes  a 
little  north.  Alwi  at  other  points  hetween  this  point  and  Nobles' 
the  structure  slopes  N.  This  number  is  only  a  local  variation  in 
the  prevailing' Kl»tes  of  the  region,  extending  only  :tbout  6  feet. 

425.  I'yritiferouK  grunnlyte,  (quartz  and  feldspar)  and  blue 
acales  from  some  of  its  joints.  This  rock  forma  a  low  island  in  a 
lai^  bay  west  of  the  Government's  ijtation.  or  that  principal  part 
of  Vermilion  Lake  which  is  next  vvest  of  the  Station,  and  is  shut 
in  on  the  north  by  a  long  promontory-like  point  with  drift  bouldere 
and  sand  on  the  immediate  coast,  along  the  S.  E.  side.  The  island 
is  near  the  head  of  this  buy,  about  two  miles  from  the  station. 
The  rock  is  jointed  and  somewhat  schistose  cojirsely.  in  about  the 
same  direction  as  the  slates  here,  and  slopes  N.  It  seems  to  be 
a  part  of  the  slate  formation:  but  there  is  not'  sufficient  exposure 
south  and  ea-it  of  this  point  to  make  it  certain. 

426.  The  rock  of  Ely  Island  or  its  variations.  Much  of  it  is 
like  No.  -^ll  and  No.  37.'i.  perhaps  the  greater  part.  It  is  mostly 
of  a  light  color,  often  with  a  light  green  tint,  having  free  quartz 
in  11  matrix  generally  amorphous  but  yet  presenting  a  fibrous  or 
broken  schistose  texture:  pa.sHing  to  a  porphyritic  rock  {with  albite 
crystals)  (?)  and  to  a  pyritiferous  syenite.  On  the  north  side  of 
Ely  Island  is  t^o  be  seen  a  conspicuous  white  quart-/,  lead,  or  vein, 
about  thirty  inches  thick,  sloping  about  55°  from  the  horizon  to 
the  north,  distant  from  the  west  end  of  the  island  about  a  mile. 
It  rises  so  as  to  make  one  of  the  highest  parts  of  the  island.  Some 
working  for  gold  has  been  done  on  this  quartz,  near  the  lake.  The 
quartz  itself  is  barren,  but  the  adjoining  rock  is  pyritiferous.  like 
nearly  all  the  rock  about.  It  hjis  a  structure  dipping  niirth,  the 
same  as  the  lead  of  quartz,  and  is  jointed  in  all  directions. 

On  the  north  slope  of  Ely  Island  glaciation  shows  S.  8  "  W.,  and 
on  the  top  of  the  island  it  is  very  coarse  and  in  the  same  direction. 

In  traveling  over  the  island,  where  much  of  the  rock  is  bare, 
occasionally  may  be  noticed  bright  red  pieces  of  jasper  superficially 
embraced  in  the  formation,  some  of  them  three  or  four  inches 
across.  The  position  and  structure  of  these  pieces  is  at  vari- 
ance with  the  schistose  structure  of  the  rock  in  whicli  they  are  em- 
braced. They  at  once  recall  the  "  gunflint  beds."  which  at  Gun- 
flint  Lake  first  overlie  a  similar  greenish  and  magnesian  formation, 
having  a  slaty  and  a  schistose  stnicture  like  that  seen  here.  These 
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pieceH  aeem  here  to  be  reli<;8  of  that  formation,  which  once  must 
have  extended  over  Ely  Island,  but  now  is  unknown  about  the 
immediate  shores  of  Vermilion  Lake.  The  quartzyte  (and  gun- 
flint  series)  underlying  the  lowest  igiieous  overflow  of  that  age, 
was  probably  so  thin  that  the  heat  so  softened  the  underlying 
(Huronian?)  schists  that  some  of  the  more  Miliceous  and  less  fusi- 
ble parts  of  the  gunflint  beds  were  cemented  into  the  schistose, 
and  after  the  erosions  of  the  glacial  epoch  they  still  are  seen  so 
embraced.  This  heat  pr'>dneed  a  seeond  nietamorpfaoiam  of  the 
magnesian  formation  also,  changing  it  locally.  nppavently,  to  a 
phonolitic,  or  porphyritic,  partially  crystalline  rock.  Some  of 
these  relies,  still  attached,  are  t^ongloraeritic;  and  one  area,  which 
is  embraced  in  a  depression  in  the  upper  surface  of  the  schists,  is 
over  two  feet  long  and  eight  inches  wide.  Ijoose  pieces,  pertain- 
ing to  the  drift,  may  lie  seen  on  the^  t^ip  of  the  island,  l^eing  of 
black  quart/.yte.  showint?  that  the  t|uartzyte  formation  must  have 
extended  once  to  Ely  Island  at  least,  since  the  movement  of  the 
drift  was  from  the  N.  and  E.  of  N.  It  may  also  have  extended 
further  north,  and  probably  did.  at  some  pre-glacial  time.  These 
jaspery  pieces,  generally  smaller  than  a  butternut,  but  sometimes 
as  large  lis  one's  fist,  are  nearly  always  angular,  or  but  little  round- 
ed, and  are  in  some  portions  thickly  sprinkled  over  the  snrfnce  of 
the  schists. 

There  is  a  high  hill-riinge  to  the  south  of  Vermilion  Lake,  about 
a  mile  and  a  half  from  the  shore,  which  may  be  the  beginning  of 
the  trap  and  quartzyte  range  again.  That  would  be  in  conformity 
with  the  foregoing  hypothesis.  Indetd  thei^e  hills  appear  to  be  of 
some  rock  different  from  the  rock  along  the  south  shore  of  Vei> 
milion  Lake,  an  they  do  not  appear  white  at  a  distnnce.  like  the  im- 
mediate shore  of  the  lake,  though  the  timlier  is  wholly  burnt  from 
both. 

427.  Rock  of  Kly  Island,  containing  jaspery  pittes. 

428.  Pyritiferous  quartzyte.  from  Rison's  place.  Ely  Island. 
Passing  about  a  mile  up  a  river  rnnning  into  the  south  part  of 

Vermilion  Lake  from  the  east,  about  two  miles  from  the  entrance 
of  Pike  river,  being  the  easterly  of  two  rivers  that  enter  the  lake 
near  together,  and  then  traveling  by  a  blind  tniil  about  ^  mile 
toward  Vermilion  Lake,  we  reach  an  old  iron-working,  said  to 
have  been  done  by  Stuntz  and  Mallmann,  under  the  direction  of 
Prof.  A.  N.  Chester  in  1872.  This  iron  is  in  what  has  been  de- 
nominated in  these  notes  the  dimjlhit  bedn.  It  is  in  conformable 
arrangement  with  the  magnesian  schists  and  slates.  Indeed  the 
8' 
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Ounflint  series  here  presents  a  good  exposure.  It  stands  in  lami- 
nations  and  schistose  bands  nearly  vertical,  and  is  only  a  modified 
superficial  condition  of  the  underlying  schists.  These  beds  pass 
downward  into  the  schists,  and  in  places  the  schists  and  the  schi»- 
tose  structure  penetrate  upward  into  the  jasper  and  iron.  The 
jasper  and  iron  are  in  some  places  replaced  by  bands  of  white 
quartz.  Here  are  all  the  beautiful  variations  between  jasper  and 
luematite.  banded  together,  and  quartz,  which  can  be  seen  at  Mar- 
quette.* Although  the  structure  of  these  beds  here  seems  to 
make  them  conformable  with  the  underlying  slates  and  schists, 
yet  it  miiy  be  this  structure  is  only  that  superinduced  on  them  at 
the  same  time  that  the  schistose  structure  was  formed  in  the 
schists,  the  original  bedding  (which  may  have  been  nearly  hori- 
zontal) having  been  obliterated  by  the  change.  In  the  same  man- 
ner, or  in  a  similar  manner,  the  bedding  of  the  same  formatioD 
has  been  seen  to  be  destroyed  by  contact  with  metamorphosing 
agencies,  as  at  places  on  Pigeon  JPoint,  and  a  very  difierent  aspect 
given  to  the  formation.  Further  observation  of  this  horizon  is 
necessarj'  to  settle  this  question  of  conformability  between  these 
two  formations.  There  are  several  knolls  of  the  schists  in  this 
vicinity,  capped  with  this  iron  and  jasper.  They  run  in  the  usual 
direction,  a  little  south  of  west,  and  seem  to  be  very  persistent  an- 
der  glaciation,  as  they  would  naturally  be.  The  belt  must  run 
northeastward  toward  Gunflint  Lake,  and  is  here,  apparently,  about 
a  mile  wide.  The  greatest  thickness  seen  here  is  about  25  feet. 
There  are  gradations  in  the  coloring  of  the  qnartz  nodules  in  this 
rock,  some  being  gray,  aild  some  uncolored,  while  others  are  near- 
ly black,  and  some  vermilion  red  and  jasper  red.  The  name  of  the 
lake  is  supposed  to  have  been  derived  from  these  colored  pebbles. 

429.     Hsematite  from  Vermilion  Lake,  as  above. 

130.     Conditions  of  the  silica  from  the  same  place. 

About  the  southwest  shores  of  Vermilion  Lake,  which  expands 
right  and  left  in  broad  sheets  of  water  and  in  bays,  that  have  a  di- 
rection according  to  the  trend  of  the  geological  structure,  much 
more  than  is  shown  on  any  maps  yet  published;  there  is  much 
drift,  some  of  the  points  and  narrow  land-lines  being  of  stratified 
sand,  while  along  the  coast  in  general  can  be  seen  only  boulders. 

Opposite  Winston,  the  town  site  laid  out  by  Maj.  T.  M.  New- 
son,  there  is  a  firm  gray  quartzyte  in  outcrop.  Several  other 
small  exposures  of  a  laminated  quartzyte,  with  a  structure  par- 

■Buuldere  ol  tbe  greenlBh  scblHlH  occur  on  tbe  si 
bsDds  of  Jaaper  running  tbrongli  Ihcin  at  least  three 
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allel  with  the  slates  of  the  country,  occur  before  reaching 'the  en- 
trance to  Pike  river. 

431.  Rock  that  forms  the  first  rapids  of  Pike  river;  three  feet 
«f  gray,  firm  tine-grained,  heavy  crystalline  rock,  similiu'  to  some 
of  the  beds  of  the  quartzyte  and  slate  formation. 

At  the  main  rapids  of  Pike  river,  where  the  first  portage  occurs, 
there  is  a  tumbling  fall  of  six  or  eight  feet,  making  a  good  water- 
power.  This  is  about  i  mile  from  the  bay  where  the  river  enters, 
and  here  is  a  considerable  exposure  of  rock,  on  each  side  of  the 

iZ2.  In  general  a  gray  quartzyte,  but  varying  to  a  syenitic 
rock,  and  to  a  siliceous  slate,  and  to  white  quartz,  as  well  as  to  a 
tremoIitic(?)  mica  schist,  which  is  dark  gray.  It  exhibits  small 
faults,  in  which  the  otherwise  parallel  and  regular  strata,  or  lami- 
nations, are  jagged  or  twisted,  the  west  end  moving  southwardly 
about  5  inches  or  less.  This  rock,  except  in  its  perpendicular  ar- 
rangement, and  the  absence  of  trap,  resembles  the  gray  quartzyte 
formation  of  Pigeon  Point.  It  is  more  highly  tilted,  and  gener- 
ally metamorphic.  The  beds  are  nearly  perpendicular,  but  dip  to 
the  south.  If  this  be  in  the  strike  of  the  gray  quartzyte  and  slate, 
the  Vermilion  iron-ore  belt  must  pass  north  of  here,  running  be- 
low the  south  arm  of  Vermilion  Lake,  or  perhaps  crossing  Pike 
river  north  of  the  rapicTs.  The  structure  of  these  beds  is  parallel 
with  that  seen  at  the  iron  beds  at  the  location  southeast  of  Ver- 
milion Lake.     Glaciation  above  the  rapids  is  N^.  and  S. 

The  river  above  the  falls  and  rapids  is  923  feet  above  Vermilion 
Lake,  by  aneroid,  and  above  the  third  rapida  is  938  feet,  where  the 
glaciation  was  S.  10°  W.  The  rock  at  these  third  rapida  is  of  the 
same  gray  quartzyte  formation,  the  strata  running  E.  and  W.,  and 
-dipping  S.  at  an  angle  of  about  60°.  On  another  knoll  the  struc- 
ture runs  W.  25°  K.  This  is  also  true  just  at  the  upper  landing; 
in  other  places  it  is  lost,  the  rock  becoming  massive,  but  having 
then  a  coarser  grain.  W^here  the  structure  is  W.  35°  N.  the  beds 
stand  more  nearly  vertical.  At  a  point  on  the  left  side,  about  a 
mile  above  the  last  portage,  and  before  reaching  the  fourth  rapids, 
there  is  an  outcrop  and  a  covered  ridge  of  quartzyte,  the  beds  of 
which  are  about  10°  out  of  perpendicular,  and  dip  to  the  north. 
Their  edges  run  W.  5*  N. 

Two  other  rapids  in  Pike  river,  passed  without  portage,  show  no 
rock  in  situ,  the  water  rolling  over  boulders,  but  at  the  first  there 
is  no  doubt  that  the  quartzyte  from  the  ridge  and  outcrop  last  de- 
scribed closely  underlies.    A  short  portage  is  then  s^on  made,  at 
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the  crdMiiing  of  the  "VermilioD  road,"  the  rapids  here  being  styled 
"Devils  gate  rapids."  Here  also  are  only  boulders,  but  from  the 
aiKe  and  frequency  of  large  quartayte  masaes,  that  rock  is  judged 
to  be  still  underneath. 

At  a  point  judged  to  be  about  tive  miles  from  Vermilion  Lake 
occurs  a  low  irregular  outcrop  on  the  right  bank  of  the  river,  rep- 
resented by 

433.  A  hne-griiined  reddish  gneiss.  This  does  not  show  cer- 
tainly the  direction  of  "bearing,"  but  by  its  generally  up  and  down 
fracture  it  seems  to  be  allied  to  the  quartzyte  formation,  us  well  ae 
by  its  composition,  the  quartzyte  formation  sometimes  passing  in- 
to gneiss.     This  is  highly  inclined. 

About  3  mileH  further  begins  a  portage  across  a  cranberry  marsh 
about  a  mile  over.  The  trail  is  covered  with  about  two  inches  pf 
water,  and  the  river  is  but  little  lower. 

The  summit  portage  which  leads  to  a  stream  Howing  south  (the 
Embarras)  is  over  three  miles  long.  It  is  a  difficult  portage,  go- 
ing over  alternating  sandy  plains  of  Norway  pine  and  wet  tama- 
rack or  ericaeeous  bogs.  In  the  swamps  are  laid  small  poles  and 
sticks,  which,  if  a  person  does  not  slip  from,  keep  his  feet  out  of 
the  water  and  mud,  but  which  from  their  insecurity  to  booted  feet 
prove  a  great  iiggravation.  It  is  mainly  a  flat. country  with  a 
gradual  descent  to  the  MOuth  and  occasional  steps  downward  from 
plain  to  plain,  the  steps  being  boulder-strewn.  There  are  also 
kames  of  gravel  aud  sand.  From  the  abundance  of  gnmite  boul- 
ders, it  i?  probable  that  the  entire  distance,  from  where  the  trail 
leaves  Pike  river  to  the  Embarras,  is  occupied  by  one  of  the  Lan- 
rentian  belts,  indicated  also  by  the  reverse  dip  seen  at  several 
points  on  the  Pike  river.  It  is  really  the  Mesabi,  or  divide  be- 
tween streams  flowing  N.  and  S.  though  the  great  range  is  about 
two  miles  further  south.  At  about  a  mile  from  the  north  end  of 
this  long  portage,  (which  is  drift-covered  and  generally  dry  to  this 
point)  occurs  a  dome  of  moutonne-ed  syenite,  viz.: 

4R4.  Syenite,  with  some  of  the  feldspar  flesh-colored,  and  some 
of  it  white.  This  is  on  the  right  of  the  trail,  and  spreads  several 
rods  round,  rising  G  or  10  feet.  This  is  about  J  mile  north  of 
where  the  famed  "Mesiibi  Hights"  first  appear  in  traveling  south. 
From  the  north  the  "Hights"  have  an  irregular  contour,  not  like 
the  quartzyte  and  trap  range  along  the  Boundary  and  Mountain  and 
Rove  lakes,  but  more  like  a  great  drift  moraine.     They  rise  several 

•InniiS!ilngthJ8SUiDniLtp()rlaKi>nici<hrub$t(vc(  Fenils  s^n  eruwIiiealiumilHnUy.tni  ■ 
gravel  r[Uge  o*  "kaiii«", 
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hundred  feet  above  the  surrounding  eountrj'.  Thej  may  be  su- 
perficially of  drift,  but  probably  their  location,  bight  and  compo- 
sition are  largely  made  by  rocky  barriers.* 

The  Embarras  river  is  lake-like,  for  £  mile;  then  rapids,  and  2 
TOfle  portage,  the  descent  being  64  feet,  to  a  lake.  Throughout 
this  portage  there  is  no  rock  in  siVu^—only  Lanrentian  boulders 
can  be  seen,  and  they  are  very  numerous.  The  same  ia  true  along 
the  river,  except  at  one  point  where  there  is  a  visible  bare  rock, 
on  the  right  bank  of  the  same  sort  as  the  boutdeis,  which  is  prob- 
ably in  place,  viz: 

4^.  A  Laurentian  syenite,  like  the  rock  No.  305,  at  the  east 
end  of  Gunflint  Lake,  lying  near  the  line  of  strike  of  the  quartz- 
jte  and  slate  formation.  This  forms  here  the  lower  reaches  of 
the  Mesabi.     The  range  seems  to  be  of  drift. 

Along  the. east  side  of  the  next  lake  is  high  land,  but  no  rock 
can  be  seen.  About  a  mile  from  the  north  end  of  this  lake  is  a 
high  knoll  on  the  west  side  of  the  lake,  but  there  is  no  sign  of 
rock.  The  whole  country  is  deeply  drifted.  This  feature  steadily 
increases  in  going  south  after  leaving  the  south  end  o£  Vermilion 
Lake.  The  course  of  travel  seems  to  be  mainly  in  the  line  of  the 
great  central  glacier  of  this  part  of  the  State.  '  The  Embarras  riv- 
er here  passes  through  one  of  its  lateral  moraines.  This  lake  is 
about  5  miles  long  and  averages  ^  mile  wide.  At  the  foot  of  this 
lake  is  the  "Squagemaw  Bridge"  where  the  Vermilion  road  from 
Duluth  crosses  the  river.*  This  bridge  is  about  on  section  5,  T. 
5R,  15. 


From  Sqwu/eimiir  Bridge  to  Litflr  Fafh. 

High  land  extends  indefinitely,  in  the  form  of  hilis,  along  the 
west  side  of  the  Embarras  river,  southwestwardly  from  the  Squage- 
maw  bridge  (Sec  8,  T.  58,  15).  These  hills  seem  to  be  made  of 
drift.  lying  here  on  the  'Laurentian  (No.  435),  without  apparent 
conformity  or  parallelism  with  any  rock-range,  the  river  crossing 
the  drift-range  about  a  mile  above  the  bridge. 

The  road  to  the  Mesabi  iron  location  passes  eastwardly  from  the 
bridge,  through  the  northern  tier  of  sections  of  T.  58,  15,  reveal- 
ing a  very  fine,  level  (burnt)  tract  of  farming  land,  underlain  by  a 
coppercolored  drift-clay.  In  section  31,  of  T.  59, 14,  the  drift  clay 
ie  seen  to  contain  a  great  many  pieces  of  jaspery  and  quartzitic 
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rock  from  the  gunflint  beds.  On  Sec.  28.  of  the  same  town,  near 
the  center  of  the  section,  some  surface  work  has  been  done  to  de- 
velop the  iron  of  this  region.  Some  shallow  pits  have  been  sunk 
and  one  east  and  west  trench  dug,  but  none  of  these  works  seem 
to  have  reached  the  bed-rock.  The  drift  here  conaists  almost  en- 
tirely of  debris  of  the  quartzjte  and'  gunflint  beds.  Some  pieces 
of  pretty  good  htematite  ^e  also  mixed  with  this  debris.  Near 
the  section  line  between  15  and  14  is  another  pit,  8unk  alongside 
the  faulted  rock  of  the  gunflint  beds,  the  face  of  the  bluff  appear- 
ing above  the  ground  and  looking  S,  E,  (A).  The  face  then 
swings  round  so  as  to  look  south.  The  compass  is  exactly  reversed 
by  the  prosimitj  of  magnetic  oxide,  glaciation  being  estimated  at 
20=  W.  of  S.  The  ore  here  is  closely  associated  with  the  rock, 
and  they  run  together,  and  blend. 

Almost  due  west  from  the  foregoing,  distnnt  about  half  a  mile, 
are  several  other  trial  pits,  intended  to  show  the  trend  and  surface 
characters  of  the  layers  containing  the  iron,  (B).  Here  the 
face  of  the  break  looks  north,  and  the  beds  dip  a  little  toward  the 
south.  The  rock  rises  to  the  surface,  and  the  needle  is  useless. 
The  layers  are  about  8  or  4  inches  thick,  differing  from  (A),  where 
the  rock  is  massive  or  in  heavy  layers.  Here  seems  to  be  a  large 
amount  of  good  iron,  but  it  cannot  be  stated  how  far  these  char- 
acters extend  without  elaborate  msignetic  observations.  The  for- 
mation is  the  great  quartzyte,  probably  near  the  bottom. 

Along  the  road  further  northwest  is  another  working  (C),  which 
is  near  the  road,  and  marked  by  a  high  ridge  of  the  iron-bearing^ 
rock  nmning  K.  and  W.,  and  dipping  nearly  N.  The  upper  part 
of  this  exposure  is  hardened  and  massive,  and  black.  This  is 
about  5  feet  thick,  as  seen  in  the  pit,  and  under  it  is  a  thickness  of 
about  5  feet  more  of  a  loose  limonitic  mass.  This  is  a  c^inspicn- 
ous  irony  ridge,  but  its  effect  on  the  needle  is  not  so  great  as  at 
(A)  and  (B). 

436.  Ore  from  the  Mesabi  iron  range,  shaft  (A.) 

437.  Associated  rock  at  (A.)  This  is  charged  with  siderite,  and 
even  becomes  changed  to  siderite.  as  at  Gunflint  Lake. 

438.  Ore  from  the  Mesabi  iron  range;  shaft  (B). 

439.  Rock  associated:  similar  to  No.  437. 

440.  Ore  from  the  Mesabi  iron  range,  shaft  (G),  near  the  bot- 
tom: Homewhat  limonitic  and  carbonated. 

441.  From  the  same  shaft  near  the  top. 

About  half  a  mile  south  of  the  last  is  a  shallow  pit  dug  for  sil- 
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ver.  This  is  in  the  gray  quartzyte.  The  coimtr;  rock  is  some- 
what banded  with  iron. 

442.  Rock  of  the  country:  from  the  Mesabi  iron  range,  from 
a  shaft  sunk  for  silver. 

On  this  range  of  high  land  are  conaiderable  tracts  of  hard  wood, 
with  only  scattering  pines.  The  large  trees  are  gray  birch,  elm, 
sugar  maple,  white  birch,  black  ash.  The  white  pine  and  white 
cedar  creep  in  slowly  along  damp  spots  or  slopes,  and  some  lai^e 
tracts  are  principally  covered  with  pine,  the  trees  being  some  of 
the  largest  seen  in  the  State. 

Other  trial  pits  for  iron  were  sunk  in  1874  in  T.  60  N,  said  to 
have  promised  even  better  than  the  foregoing  in  town  59. 

Between  the  second  and  third  lakes  of  Embarras  River  there  is  a 
rapid,  and  a  descent  uf  about  15  feet,  making  it  necessary  to 
port^e  about  20  rods.  This  makes  a  fine  water-power,  and  is  well 
situated  for  a  lumber  mill.     N^o  bed-rock  is  visible — only  boulders. 

The  country  has  but  little  grown  timber,  what  there  is  being 
scattered  Norway  pine.  The  whole  surface  for  many  miles  in  all 
directions  appears  to  have  been  devastated  several  times  by  fire 
during  the  last  15  years.  Hence  there  is  a  small  growth  of  asjien 
almost  everywhere,  varying  in  age  from  one  to  a  dozen  yeiirs. 
This  lake  is  small,  and  the  river  goes  by  a  similar  rapid  into  the 
4th  lake  of  Embarras  River,  with  a  descent  of  about  8  feet  in  10 
rods.  This  hike  i:^  separated  by  narrows  like  h  river  into  two  parts, 
and  finally  pa.sses  into  the  real  Squagemaw  Lake  (last  lake)  sit  the 
head  of  which  i^  a  sandy  beach,  the  portage  to  which  is  about  30 
rods.  This  lake  is  lai^r  than  either  of  the  last  two.  Below  this 
lake  the  river  has  a  considerable  volume  and  current,  and  often 
sandy  banks,  the  country  also  being  flat  and  sandy,  with  generally 
amall  timber,  mised  pine  and  hardwood,  but  many  aspens  and 
birches. 

White  oak  was  first  seen  at  Squagemaw  Lake.  There  is  no  bur 
oak  in  this  country,  so  far  as  can  be  seen  in  traveling  this  route, 
bnt  various  maples,  ash  and  elm  are  common,  also  boss.  The 
balm  of  gilead  is  not  a  common  tree.  It  seems  to  prefer  the  li^e 
shores.  The  land  is  generally  dry  (to  town  56,  17).  at  least  so  far 
as  can  be  seen  from  the  river,  with  occasionally  an  expostu*  of 
drift-clay,  affording  small  stones.  The  rapids  along  the  stream 
show  only  bowlders,  there  being  apparently  aheavy  deposit  of  cop- 
peiMJolored  drift-clay  over  which  the  river  runs. 

Passing  down  the  St.  Louis  river  to  the  mouth  of  the  Big  White- 
face  river,  the  drift,  which  everywhere  is  thick  and  hides  the  rock 
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£rom  sight,  can  be  summnrized,  so  fio'  as  seen  along  the  river,  in 
three  parts  :  1.  Red  gravelly  clay,  or  "  pebbly  clay."  3.  Lami- 
nated gray  clay.     S.  Red  stony  clay,  the  last  being  at  the  bottom. 

Tliere  is  but  little  change  in  the  features  of  the  country,  from 
Squagemaw  bridge  to  the  month  of  the  Savannah  river.  It  is  all 
arable  and  habitable  land,  and  is  destined  to  be  filled  with  an  agri- 
cultural population.  There  are  vast  tracta  on  the  St.  Louis,  above 
the  mouth  of  Big  Whiteface  that  are  burnt,  but  seem  to  have 
been  generally  more  sandy  than  clayey,  and  are  flat,  tbe  level  be- 
ing about  30  feet  above  the  river.  At  some  points  above  there  ia 
a  heavy  red-clay  drift,  and  the  banks  are  about  40  feet  above  the 
river.  At  the  Big  Whiteface  the  banks  are  about  20  feet  above 
the  river,  and  the  adjacent  country  is  flat.  The  Savannah  river 
drains  a  flat  country,  underlain  by  clay  (wbicb  at  its  mouth  is  red 
and  horizontally  stratified),  and  each  tributary  is  skirted  byajgrassy 
border  on  each  side,  which,  further  up,  become^  a  tamerack  swamp, 
but  nearer  the  main  river  is  enclosed  by  aspen,  on  flat  ground  bnt 
little  above  the  river.  The  region  of  the  Savannah  river  is  gen- 
erally timbered,  mainly  with  aspen,  somewhat  with  white  oak  and 
white  pine  and  spruce,  and  an  occasional  tree  of  balm  of  Gilead. 
The  old  portage  trail  from  the  St.  Louis  to  the  Mississippi  river, 
by  way  of  the  Savannah  river,  is  now  abandoned  and  obliterated. 
It  is  superseded  by  another  7  miles  long,  which  leaves  the  St.  Louis 
about  on  Sec.  27.  T.  51,  20.  about  |  mile  below  the  large  island 
represented  on  tbe  surveyor's  township  plats.  This  leads  to  Prai- 
rie Lake,  and  thence  through  Prairie  river  (when  not  too  low). 
reaches  Sandy  Lake  and  tbe  Mississippi.  The  country  through 
which  the  portage  passes  is  generally  dry,  hut  it  pawes  through  one 
cranberry  swamp  at  about  six  miles  from  the  St.  Louis.  The  por- 
tage trail  also  ties  on  a  glacial  kame  for  some  distance,  at  about 
8f  miles  from  St.  Louis  river.  The  country  is  not  generally  flat, 
bnt  often  undulating  or  even  hilly,  especially  between  three  and 
four  miles  from  the  Ht.  Louis.  The  kame  mentioned  runs  some 
south  of  west,  and  has  swampy  tracts  on  the  north  and  south 
aides.     At  5  miles  the  drift  was  seen  to  be  red  clay,  with  pebbles. 

The  trees  to  be  seen  on  this  portiere  consist  of  the  {following, 
about  in  the  order  named  for  frequency:  Aspen,  white  pine, 
white  birch,  balsam,  tamarack,  white  spruce,  Norway  pine,  soft 
maple,  sugar  maple,  white  cedar,  ironwood.  elm,  ash  (white  and 
black),  blue  beech,  black  and  bur  oak,  small  red  cherry  (sometimes 
six  or  eight  inches  in  diameter),  bass,  gray  birch  (small  trees). 
There  is  much  doubt  whether  the  true  black  spnice  grows  in  this 
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State,  or  in  the  northwest — such  us  seen  in  Maine  and  used  there 
for  lumber.  Ours  seems  to  be  all  white  spruce,  and  rarely  be- 
comes large  enough  for  boards,  although  it  does  sometimes.  Mr. 
Lapbam  names  hemlock  aa  one  of  the  trees  of  Minnesota,  but  it 
has  never  been  seen  by  this  survey,  nor  can  any  one  be  found  who 
can  name  a  locality  where  it  grows  in  the  State. 

The  level  of  Prairie  Lake  is  about  135  feet  above  that  of  the 
St.  Louis  River  where  the  portage  leaves  it,  according  to  a  series 
of  Aneroid  observations  in  an  unfavorable  state  of  the  weather. 

Prairie  River  being  too  low  for  canoes,  a  portage  of  16  miles  is 
still  necessary  to  the  shore  of  Sandy  Lake.  This  portage  discloses 
no  rock,  but  passes  through  a  good  drift-covered,  agricultural 
country,  flat  to  undulating,  all  timbered,  formerly  with  much  good 
pine.  The  western  part  of  the  portage,  however,  passes  through 
considerable  tamarack  swamp.  The  swamp  occurs  before  crossing 
the  W.  Savannah  River.  On  the  west  side  of  that  river  {which  is 
a  tributary  of  the  Prairie  River)  the  land  is  dry  and  sandy,  with 
small  Norway  pines.  The  shores  of  Sandy  Lake  are  of  sand,  with 
only  occasional  points  of  gravel,  or  small  boulders. .  On  reaching 
the  Mississippi  River,  the  drift  is  seen  to  be  (/ray  /tardpan,  thus 
contrasting  with  the  drift  seen  on  the  St.  Louis,  and  on  the  port- 
age trail  to  Prairie  Lake.  At  four  miles  above  Aitkin  it  is  also 
gray  and  of  the  later  drift  epoch.  The  flood  plain  is  14  ft.  above  the 
river  generally,  but  occasionally  new  flood  plains,  now  making,  are 
from  5  feet  {or  from  zero)  to  14  feet  high.  The  new  plains  gen- 
erally rise  to  the  level  of  the  old  plain  at  their  up-streimi  ends,  where 
the  two  unite  in  one.  the  former  gradually  taking  the  place  of  the 
latter  with  an  imperceptible  diminution  of  height.  This  new 
plain  sometimes  extends,  on  one  or  both  sides,  for  half  a  mile, 
or  a  mile,  making  it  appear  as  if  the  real  flood  plain  were  but  six 
or  eight  feet  above  the  river.  Suddenly  a  higher  plain  strikes  fin 
from  the  country  in  traveling  down  the  river,  and  by  a  single  step 
the  level  is  as  before  about  14  feet.  Of  course  the  river  has  all 
stages  between  the  level  of  very  low  water  and  some  feet  above 
this  14  feet  flood  plain,  since  there  are'  water  marks  on 
the  trees  considerably  higher  than  14  feet.  At  a  point  a  short 
distance  below  Sandy  Lake  is  a  sandy  and  timbered  bluff  about  25 
feet  high,  having  Norway  pines,  but  with  that  exception  there  is 
no  land  between  Sandy  Lake  and  Aitkin  visible  along  the  river 
higher  than  this  14  ft,  flood  pltun.  The  material  of  the  flood 
plain  is  generally  a  horizontally  stratified  fine  clay,  varying  to  a  fine 
sand,  but  the  laminations  are  sometimes  oblique  near  the  water 
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level,  and  on  the  top  sometimes  the  material  is  rather  sand  than 
clay.  This  flood  plain  is  heavily  timbered  with  elm,  white  oak, 
soft  maple.  These  three  make  up  more  than  |  of  all  the  treea; 
but  there  are  also  white  birch,  Hapen,  bass,  black  ash,  whit«  ash, 
gray  birch,  sugar  maple,  villow  and  among  the  conifers  a  Bprinkling- 
of  white  pine,  balsam,  spruce,  tamarack  (and  one  tree  of  white 
cedar.) 

Between  the  river  and  the  village  of  Aitken,  a  distance  of  one 
mite,  the  country  generally  is  not  much  higher  than  the  above-men- 
tioned flood-plain,  and  rises  imperceptibly  from  the  river  to  the 
railroad,  about  five  feet,  the  alluvium  being  replaced  superficially 
by  a  gray  hardpan,  with  boulders  on  the  surface,  the  timber  being 
also  much  the  same. 

At  about  15  miles  below  Aitkin  appear  unmistakable  traces  of 
a  permanent  higher  flat,  where  it  approaches  the  river  and  has 
been  cut  off  like  a  terrace-step  by  the  action  of  the  current.  It  is 
two  to  four  feet  higher  than  the  flood-plain,  but  even  then  still 
appears  to  taper  down  stream  to  the  level  of  the  real  flood-plain, 
in  descending  further  this  higher  flat  becomes  more  and  more 
marked  and  persistent,  the  river  itself  also  having  apparently  a 
lower  flood-plain  than  before,  so  that  the  real  difference  in  hight  be- 
tween the  two  plains  is  about  14  feet.  This  uppt-r  flat  where  it 
approaches  the  river,  is  markedly  different  from  the  lower  flat 
which  accompanies  the  river  nearly  all  the  way.  It  has  small  tim- 
her,  and  a  few  scattering  pines,  with  occasionally  a  clump  of  bal- 
sam or  spruce,  or  is  a  devastated  burnt  plain,  while  the  lower  flat 
is  timbered  heavily  with  large  trees  of  elm,  oak,  ash ,  and  basswood, 
and  is  rarely  invaded  by  fire.  The  upper  flat  is  also  very  different 
from  the  lower  in  composition.  For  the  mosi;  part  it  is  a  stony  or 
pebbly  drift  clay,  from  the  river  upward  (in  one  ease  seen  to  be  a 
"pebbly  clay"  for  90  feet)  with  a  rusty  or  yellowish  sand  on  the 
top.  though  in  some  spots  the  sand  is  almost  wanting — but  the 
lower  flat  is  a  fine  alluvium,  generally  a  laminated  clay. 

Further  down  the  river,  as  at  the  mouth  of  Pine  river,  this  up- 
per flat  is  unusually  elevated,  being  about  80  feet  above  the  flood- 
plain:  while  at  points  above  it  is  seen  to  gradually  increase  in 
hight  in  descending  the  river,  the  most  common  elevation  being 
40  or  90  feet  above  the  flood-plmn.  The  some  change  is  to  be  seen 
at  and  above  Pine  river  as  already  noted.  A  lower  flood-plain  is 
seen  to  rise  within  the  real  flood-plain,  at  its  upper  end  being  near- 
ly of  the  hight  of  the  14  ft.  flat,  and  at  its  lower  to  gradually  be- 
come less  and  less  till  it  sinks  to  the  level  of  the  water.     The 
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biffheat  flat  baa  B&nk's  piae  at  Pine  river,  and  at  some  distance 
above.  The  bigh  banks,  wbere  favorably  exposed  by  slides,  are 
seen  to  be  composed  of  gray  clay,  generally  pebbly,  but  usually 
with  boulders  in  tbe  river  adjacent.  This  clay  is  covered  with  a 
varying  thickness  of  yellow  stratified  sand.  The  clay  baa  some 
limestone,  as  from  Winnipeg. 

But  below  tbe  mouth  of  Pine  river,  about  one  mile  and  a  half, 
a  red  clay  is  exposed  in  a  number  of  places,  in  cuts  in  the  high 
banks  of  the  river.  This  ia  stony  and  sandy,  and  is  the  probable 
source  of  the  rusty  sand  seen  to  be  lying  over  the  gray  clay  already 
mentioned.  Still  further  down,  this  red  clay  is  seen  overlain  by 
much  maty  sand.  As  a  rolling  or  undulating  surface  gradually 
comes  on,  the  cuts  are  generally  of  this  sand,  or  stones  and  sand 
with  little  clay,  the  river  running  faster  and  having  a  flood-plain 
of  only  six  or  eight  feet  bight.  The  gray  color  is  still  seen  in  low 
plains  or  flats  lying  between  the  red  knolls,  but,  generally  speak- 
ing, a  change  from  gray  drift  clay  to  red  takes  place  at  the  moutb 
of  Pine  river. 

At  the  French  Rapids,  a  short  dirtance  above  Br^nard,  is^  high 
and  rolling  tract  of  red  drift  whiclk  furnishes  the  boulders  of  the 
rapids.  These  hills  rise  100  feet  above  the  river  just  above  the 
rapids.  -  • 

Below  Brainerd  the  country  is  very  sandy  and  undulating,  and 
'  the  flood-plain  seems  to  be  almost  wanting.  The  timber  is  mostly 
of  Bank's  pine.  About  Crow  Wing  there  is  leas  sand,  but  abund- 
ance of  little  stones  and  of  gravel,  and  the  banks  are  only  6-lOfeet 
high,  with  rapid  current  and  almost  no  floodp-lain.  Higher  drift 
banks  are  visible  in  the  distance,  east  and  west.  Below  the  FTench 
Rapids  the  real  "red  clay"  is  not  seen  for  some  distance,  at  least  to 
Fort  Ripley,  but  in  its  place  can  be  seen  yellow  sand  and  red  sand, 
and  almost  clean  sand,  and  below  this  a  stony  gray  clay,  or  only 
atony  slopes  to  tbe  water.  But  as  red  clay  the  drift  appears  only 
where  mentioned,  at  and  below  the  month  of  Pine  river  to  the 
French  Rapids. 

Olmstead's  Bar  is  a  long  shoal,  about  two  miles  below  Fort  Rip- 
ley, and  the  flood  plain  is  low.  No  bedrock  is  visible — only  stones 
from  the  drift.  Prairie  Rapids  are  near  Belle  Prairie,  and  are  sim- 
ilar to  Olmstead's  Bar.  At  Belle  Prairie  tbe  flat  sets  in  on  which 
ie  Little  Falla,  though  it  really  begins  some  miles  above,  although 
further  north  it  is  undulating,  and  can  hardly  be  styled  a  contiou- 
ons  flat  to  Brainerd.  It  still  seems  to  have  been  once  the  flood- 
plain  of  the  river,  in  the  same  manner  as  at  Little  Falls.     It  is 
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probable  that  then,  as  now,  the  riyer  had  a  swifter  current  above 
Belle  Prairie,  and  left  on  this  plain  a  sandy  sediment,  and  a  sur- 
face more  susceptible  to  change  by  wind,  and  less  adapted  to  re^ 
etation,  circumstances  which  have  tended  to  bring  about  a  moder* 
ately  broken  surface.  It  is  probable  that  an  ancient  morainic 
belt  is  crossed  by  the  Mississippi  between  Pine  rirer  and  French 
rapids. 
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III. 
PALEONTOLOGY. 


Nev  Brarhipoda  from  the  Trenton  and  Hudson  River  formations  in 
Minnesota, 

Bt  N.  H.  WINCHELL. 


ORTHIS  WHrTFIELDI  (K.  tp.) 

Shell  Hemi-ovai.the  hinge-line  beinR  a  little  less  than,  or  equal  to 
the  Kreateet  trapaverse  diameter,  the  cardinal  angles  being  a  little 
greater  than  (tO  degrees,  the  edge  passing  ia  a  regular  semi-oval 
curve  through  the  antero-lateral  angles,  but  sometinjea  with  a  very 
slight  inclination  in  front  toward  the  side  of  the  receiving  valve. 
Size  V!irjing  from  9^  to  14  lines  in  transverse  diameter,  and  from 
8  to  llj  lines  in  perpendicular  diameter,  in  the  large  size  the  con- 
vexity being,  between  the  umboes,  6^  lines. 

The  receiving  valve  htu'  a  distinct  and  full  beak  and  umbo,  from 
which  the  surface  slopes  evenly  to  the  margin  all  round,  but  hav- 
ing a  little  HatneHS  at  the  cardinal  angles.  The  cardinal  area  is 
arched,  anA  at  its  union  with  the  cardinal  urea  of  the  entering  valve 
forms  an  angle  with  it  of  nearly  90  degrees;  its  hight  is  about  1-6 
its  length:  \i»  foramen  is  triangiiliir  and  reaches  the  beak,  the 
width  acroiis  the  base  bMn<i;  somewhat  less  than  the  bight;  plica- 
tions of  the  surfaie  are  strong,  direct  and  simple,  but  double  theit 
number  on  the  umbo  by  implantation,  imd  again  in  the  same  way* 
before  reaching  the  margin,  where  they  number  from  36  to  48. 
Between  the  jilirne  are  fine  cross-ridges  which  sometimes  rise  to 
the  tops  of  the  pliriie,  hut  do  not  cross  them  so  at*  to  be  preserved 

*By  ImplRnUitioii  is  nivHUI  tlinl  inpltiud  uf  l^iiirn'uai-  wlilcli  Ik  wen  In  thp  rJae  of  iDtet- 
meilliile  (oldw  In  thE  surtncp  of  tlip  sliell  bel«eer  the  older  pjirof.  whether  Uie  new  (old 

b«  In  the  middle,  between  tbe Dthen.  0- ' — — —  "■—  •-■■  --••—-• 
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in  our  apecimens.  A  cast  of  the  interior  of  tlii»  valve  shows  a  di»> 
tiuct  general  muscular  impression,  reaching  a  little  more  than  one- 
third  the  perpendicular  diameter  of  the  valve  from  the  heak,  and 
divided  longitudinally  into  shallow  furrowa  and  ridges  converging 
within  the  beak,  four  of  the  former  and  five  of  the  latter,  with  a 
cros^^triatiou  visible  on  that  portion  between  the  teeth  and  near 
the  foramen.  The  central  ridge  in  the  general  muscular  impres- 
sion on  the  cast,  doe«  not  reach  the  front  margin  of  the  scar,  but 
gradually  dies  out,  giving  place  to  the  adjoining  parallel  furrows 
which  widen  and  coalesce,  and  show  a  longitudinal  finer  furrow- 
ing or  striation.  The  next  ridges,  on  either  aide,  are  marked  and 
prominent,  extending  to  the  anterior  angles  of  the  scar,  giving  it  a 
nearly  straight,  elevated  front  and  angular  comers,  somewhat  as 
in  0.  sitbquadrata.  The  two  outermost  ridges  are  fainter,  but  ex- 
tend to  the  lateral  margins  of  the  scar.  Still  outside  of  all  these 
ridges  are  traces  of  a  similar  furrowing  within  the  beak,  embrac- 
ing that  portion  between  the  teeth  which  has  the  tine  cross-stria- 
tion.  The  outward  plications  of  the  valve  are  strongly  marked  on 
the  cast  for  about  2^  lines  from  the  margin,  and  some  of  tbcm  run 
faintly  even  to  the  edge  of  the  muscular  scar. 

The  entering  valve  is  much  less  convex,  but  cannot  be  said  to  be 
flat,  though  it  has  a  faint  flattening  along  the  center,  which  wid- 
ens  to  the  front  margin  where  it  is  changed,  in  the  large  specimen, 
to  a  slight  concavity  and  produces  a  straightening,  and  also  a  very 
slight  flexure,  of  the  margin,  in  front  of  the  cardinal  angles  also, 
on  either  side,  is  a  flat  or  depressed  area;  cardinal  angle  parallel 
with  the  posterior  mai^ns  of  the  valve,  and  a  little  more  than  one 
half  the  bight  of  that  of  the  receiving  valve;  beak  indistinct;  for- 
amen triangular  and  about  as  wide  ss  higb,  with  a  small  central, 
smooth  tooth  which  does  not  rise  above  the  plain  of  the  area,  and 
only  becomes  visible  on  being  cleaned  and  excavated.  A  cast  of 
the  interior  of  thb  valve  shows  marked  internal  characters.  While 
the  impressions  of  the  individual  diviricator  and  adductor  muscles 
on  the  same  side  are  not  separable  with  certainty,  owing  to  the 
faintness  of  the  lines  between  them,  the  pairs  of  each  are  divided, 
on  the  cast,  by  a  deep,  sharp  furrow  that  extends  from  the  beak 
where  it  divides  the  divaricately  striated  cardinal  process  into  two 
equal  lobes,  toward  the  front  between  the  depressions  of  the  hinge- 
teeth,  to  a  point  somewhat  more  than  |  the  diameter  from  the 
beak,  when  it  dies  away,  or  runs  into  a  broad,  abrupt,  medial  de- 
pression which  producea  the  flatness  in  the  valve  extending  to  the 
front  margin.     The  external  costae  are  deeply  impressed  on  the 
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cast  about  the  margin,  some  of  the  lines  ruDning  faintly  within 
the  vascular  area.  The  exterior  of  this  valre  is  also  marked  bj 
concentric  fine  striations,  eapecially  between  the  costae. 

This  species  resembles  Meek'e  description  of  0.  fisaicosta,  H. 
more  than  any  other,  but  in  that  the  valves  are  nearly  equally 
convex,  the  receiving  valve  has  an  abruptly  pointed  beak  and  a 
narrow  foramen,  and  the  external  cos/ae  are  19  or  20;  the  interior  of 
the  dorsal  valve  has  no  "defined  muscular  3car»  so  for  as  known" 
(Meek),  the  muscular  scar  of  the  receiving  valve  has  an  oval-sub- 
trigonal  outline,  with  two  linear  ridges  that  do  not  continue  round 
the  front;  and  the  size  of  the  shell  is  much  less  than  this,  our 
smallest  specimen  being  two  lines  wider  than  the  lai^est  ever 
mentioned  of  that  species. 

Named  in  honor  of  R.  P.  Whitfield  of  New  York. 

Formation  and  Locality.  In  the  Galena  beds  of  tfie  Hudson 
river  formation,  at  Spring  Valley  in  Fillmore  county. 

Museum  Register  Numbers  277  and  429. 

Collector,  N.  H.  Winchell. 


0RTHI8  CWEENEVI  (N.  sp.) 

Shell  suborbicultu:,  with  a  straightening  along  the  binge-line, 
and  having  the  general  aspect  of  Orthis  peciinella,  but  with  a 
shorter  hinge-line. 

The  receiving  valve  is  convex,  with  flattened  lateral  marginal 
areas  and  cardinal  on^es;  contae  coarse  and  simple,  numbering 
about  22,  all  of  which  continue  to  the  beak  except  two  or  three  on 
each  side,  which  in  passing  from  the  margins  in.  front  of  the 
cardinal  angles,  rather  terminate  on  the  hinge-area.  The  costae 
and  the  furrows,  which  have  about  the  same  width,  are  crossed  by 
fine,  crowded,  concentric  striae;  beak  distinct,  hut  not  much 
elevated  above^the  margin  of  the  area;  area  slightly  arched,  but 
directed  in  the  plane  of  the  edges  of  the  valves;  area  triangular, 
equilateral,  containing  a  simple  tooth  which  rises  to  the  apex  but 
is  not  developed  so  as  to  appear  in  the  plane  of  the  cardinal  area, 
but  is  horizontally  ribbed  on  either  side.     Interior  unknown. 

The  entering  valve  is  flat,  with  a  little  elevation  at  the  beak  and 
umbo,  and  a  broad  slight  concavity  between  the  umbonal  region 
and  the  front  margin;  costae  the  same  as  on  the  convex  valve; 
beak  small  and  more  abrubt  than  that  of  the  other  valve;  area  low 
and  flat,  but  of  nearly  the  same  bight  as  that  of  the  other  valve. 
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with  which  it  forms'  an  angle  of  Hbout  io  degrees;  foramen 
partially  closed,  but  open  below,  broadly  triangular. 

The  transverse  diameter  is  seTen  lines  in  the  single  specimen 
belonging  to  the  survey,  and  the  perpendicular  is  six. 

This  gpecies  in  general  aspect  greatly  resembles  O.  picthiflla  of 
Conrad,  but  is  ei^isentially  different,  in  that  the  foramen  and  area 
are  on  the  flat  valve  instead  of  the  convex  one.  the  perpendicular 
diameter  compares  to  the  transverse  as  9  to  12  instead  of  6  to  7. 
the  cardinal  line  is  extended  so  as  to  equal,  or  nearly  equal,  the 
trandverse  diameter,  and  no  mention  has  been  made  of  the  ex- 
istence in  that  of  a  cardinal  tooth  in  the  foramen  of  the  convex 
valve. 

Named  from  Dr.  R.  0.  Sweeney,  of  St.  Paul. 

Formation  and  Loralihj,  in  the  lower  part  of  the  Hudson  river 
Shades,  at  St.  Paul. 

Collector,  N.  H.  Winchell. 

Museum  Register  yiimber.  3,520. 

<!KNi-s  STROPHOMEKA  i RafineK^ue.  1^25.) 
(Maiin«l  >!<'  M)Ll)i<:olo(ri*.  of  Rlainvilk'.) 

Under  Orthisidal  Mr.  McOoy  has  included  f  1855,  Brd.  Pal. 
Foss.)  1,  Porambonites,  2,  Orfkis.  3  Orthisina,  4  Lepteena,  5 
Strophomena,  6  I^ptagonia,  and  7  Chottetes,  but  under  Leptfena  he 
places  Leptffwi,  '■'restricted,'''  Strophotnena,  Rof.  Leptagonia, 
McCoy,  and  CAotw^cs,  Pisch,  iis  subgenera,  with  the  following  dis- 
tinctions, viz.; 

1.  Leptmui  of  Dalman,  restrictetl  to  the  type  of  his  last  sp^^cies 
(  L.  trnttxver.inliK ).  in  which  the  valves  are  almost  equally  curved  in 
the  same  direction,  the  receiving,  or  foraminated  one,  convex,  the 
other  concave  outwardly. 

2.  Strophomena.  in  which  the  valves  are  flavor  very  slightly 
convex  when  young,  the  margin  in  a  few  species  becoming,  by  age, 
deflected,  usually  toward  the  receiving  valve,  as  in  S.  rngosn  (Rof.) 
— resupiuate  species. 

3.  Leptagonia  (McCoy),  with  both  valves  abruptly  bent  at  right 
angles  toward  the  entering  valve,  and  the  rosteai  portion  concen- 
trically wrinkled. 

4.  <'ho»rtea'[Fi»her),  only  different  from  Leptcena(as  restricted) 
by  having  a  row  of  spines  on  the  hinge-line,  thus  approaching 
Prodvetus. 

By  this  classification  most  of  his  species  fall  under  JjeptiPna. 
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Mr.  Billings,  in  I860,*  makes  two  gioups  of  the  Genus  Sfopho' 
HMita,  taking  S.  altemata,  of  Conrad,  as  the  type  of  one,  and  S, 
Jilltexla,  of  Hall,  as  the  type  of  the  other.  Of  these  the  former 
has  the  entering  (dorsal)  valve  concave,  or  sometimes  nearly  flat^ 
and  inclndes  the  species  »/(er(ia(«  (Con.^,  deltoidea  (Con.),  cmnerata 
(Con.),  fenuistriata  (Sow.),  incrasmta  (Hall).  niUns  (Bill.),  Ceres 
(Bill.),  Leda  (Bill.),  Philomela  (Bill.),  imbrex  (Pan.),  and  fkmbok 
dalis  (Wilck),  and  perhaps  others.  The  latter  group  contains  the 
resupinate  forms  which  have  ii  concave  receiving  valve,  vi?.:  Jili- 
iexta,  (Hall),  Jiuctuosa  (Bill.),  recta  (Con.),  phnoronrexa  (Hall), 
iintiqwaiai^oyt\  phinHinhona  (Hall),  and  SHi/c«/a  (Con.) 

At  the  same  time  Mr.  Billings  retains  under  Leptie-na,  the  spe- 
cies lUripiens  (Bill.),  and  sordidti  (Bill.),  aa  well  as  serirea  (Sow.), 
without  specifying  what  difference  he  relies  on  to  distinguish 
Ijeptifua  from  Sfopho ineifi. 

Mr.  Meek  has  maintained  the  genus  Lephrmi  by  describing  and 
figuring  L,afr(Vea  (Sow.)  in  the  First  Volume  of  the  Palaeontology  - 
of  Ohio,  and  divides  the  genus  Strop/'Ottiena  into  two  partn.  (me  of 
which  represented  by  .S'.  rhomhoiilalh.  Wilckens.  is  taken  as  the 
type  of  the  genus,  and  is  the  equivalent  of  the  filfernata  group  of 
Billings,  and  includes  both  the  restricted  LepUinu  and  the  Lepta- 
gonia  groups  of  McCoy.  The  resupinate  species  he  distinguishes 
by  placing  them  together  under  the  sub-genus  Hemiju-oititei'. 

The  conflict  which  exists  between  these  two  generic  names 
{Sirophomena  and  Leptima)  seems  to  have  arisen  from  two  causes. 
1st.  their  nearly  synchronous  adoption  and  use  in  dilterent  coun- 
tries, and  2nd,  the  very  general  and  incomplete  definitions  by 
which  they  were  made  known.  Dalman's  genus,  Lrpfimu,  was 
erected  in  1827  (Kongl.  Vet.  Acad.  Handl.)  and  emhrace<l  not  only 
the  type  form  rhomboidal'iK  (under  other  specific  names),  and  spe- 
cies of  Productux.  but  also  other  types  of  Sirophomena  and  Leptw- 
na,  as  those  genera  are  now  usually  understood  (Meek),  while  Rafin- 
esque's  genus,  Stropkonieita.  though  used  by  him  and  Defrance,  in 
brief  and  unsatisfactory  allusions,  for  several  years  before,  was  fairly 
published  as  early  as  1S:25,  when  Blainville  figured  and  published 
a  brief  description  {Man.  de  Mahroi.)  But  in  this  description  Mr, 
Meek  says  that  doubtless  an  American  resupinate  specimen,  later 
named  planumhona  by  Hall,  was  described  under  one  of  Rafines- 
que's  names  {rwjrosa,  adopl«d  from  Dalmsu,  applied  by  kim  to  a 
non-resumpinate  form).     Hence  it  is  evident,  not  only  that  each 


S,  IMO  :  Mill  Pnl.  Fow..  Viil.  1, 1 
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author  included  all  the  forms  under  his  own  designation,  but  that 
they  had  not  noted  the  distinctioofi  that  were  subsequently  brought 
out.  The  names  niust  therefore  be  regarded  as  perfectly  synony- 
mous, and  the  earlier  published,  under  the  recognized  law  of  pri- 
ority, should  take  precedence. 

The  remarkable  differences  that  divide  these  brachiopods  into  re- 
supinate  and  non-reaupiuate  groups,  seem  to  call  for  a  generic 
designation  for  the  resupinate  species.  ProTisionally  therefore 
we  shall  follow  the  suggestion  of  Mr.  Meek  and  range  these  spe- 
cies under  Pander's  genus  Hemiproniles,  proposed  in  1838  but  not 
defined.  For  the  present  the  Permian  and  Carboniferous  name  of 
Streptorki/ncfius,  proposed  by  Prof.  King  iu  1850*,  though  perhaps 
covering  some  of  our  species  according  to  the  discrimination  of 
Prof.  Jamea  Hall  in  the  4th  volume  of  the  Palaeontology  of  New 
York,  (p.  64)  may  be  restricted  perhaps  to  the  rocks  of  that  later 
geological  horizon,  when  its  characters  are  fully  exemplified. 

Gen.  Chur.  Shell  semi-circular,  or  semi-oval,  with  a  hinge-line 
about  equal  to  the  transverse  diameter,  a  convex  receiving  valve 
when  adult,  and  a  flat  or  concave  entering  valve,  narrow  cardinal 
area,  inconspicuous  or  small  and  abrupt  beaks,  and  radiately  and  con- 
centrically striated  exterior;  receiving  valve  with  a  minute  perfor- 
ation in  the  beak,  its  foramen  nearly  or  quite  closed  by  the  divided 
cardinal  process  of  the  other  valve  which  is  more  or  less  covered  by 
a  deltidium  rising  from  one  or  both  valvesf ;  visceral  disc  of  the  re- 
ceiving valve  frequently  rugose  concentrically. 

STROPHOMENA  HINNESOTENfIS  (N.  sp.) 

Syitoni^my  and  Reference. — Leptaena  deltoidea,  Owen,  Geol,  Rep. 
Wise.  Iowa  and  Minn.  p.  629,  Tab.  II,  b.  fig.  10.  Wincbell.  Geol. 
&  Nat.  Hist.  Survey,  Minn.  Rep.  for  1872,  p.  101.  Ibid  for  1876 
p.  148  and  212,  Ibid  for  1879  p.  62. 

Shell  semi-oblong  or  semi-oval,  with  the  cardinal  angle  aliout  90 
degrees,  or  less  than  90  degrees;  diameter  from  six  to  nine  lines 
transversely,  and  from  four  and  a  half  to  eight  lines  perpendicular- 
ly; the  receiving  valve  convex,  sometimes  more  suddenly  deflected 
after  passing  the  visceral  area;  entering  valve  gently  concave,  but 
flexed  more  rapidly  about  the  margin;  the  exterior  of  the  convex 
valve  marked  by  fine  radiating  striss,  every  third,  fourth  or  fifth 
one  being  larger  than  the  intervening  ones;  interior  of  the  convex 

*HaDograph  ot  Fennlan  FohbIIs,  l§Sa,  p.  lOT. 

tProI.  JamcH  Hall  says  (letli.Bee.  Rep,  p.  tS)  that  S.  ntgoaa  {ThoniboiOaiit'i  and  S.  aUtr- 
nata  bare  a  dellldLuin  on  tbr  dorsal  (concave)  valve.    8.  aapera.  Jams,  bos  also. 


byGoo'^lc 


*  STATE   OKOLOQIST.  121 

valve,  which  is  beet  known  from  its  frequent  casts,  shows  a  large 
muscular  impression  much  resembhng  that  of  S.  alternata  as  fig> 
nred  by  Meek  in  Vol.  I.  Pat.  Ohio,  plate  VII.  fig.  3c.  but  somewhat 
bilobate  in  front,  and  larger  in  proportion  to  the  size  of  the  valve; 
scars  of  the  abductor  muscles  closely  approximate,  small  and  in 
many  casts  of  this  valve  undistinguishable;  behind  they  are  sep- 
arated (on  the  casts)  by  a  short  merial  ridge,  which  between  them 
becomes  at  first  a  narrow  mesial  furrow  and  then  a  deep  furrow, 
terminating  at  the  sinus  between  the  outer,  larger,  scars;  the  outer 
larger  scars  (cardinal  muscles)  are  radiately. striated  from  the  beak; 
their  margins  are  strongly  marked  (on  the  cast)  along  their  pos- 
terior sides  by  distinct  grooves  formed  by  the  dental  plates,  which 
diverge  at  once  from  the  foramen  at  an  angle  of  100-120  degrees, 
running  neaj-ty  straight  to  the  outer  margins  of  the  muscular  scar, 
when  they  curve  slightly  toward  the  front;  the  anterior  and  lateral 
margins  of  tht  general  muscular  impression  are  slightly  marked 
on  the  casts;  outside  of  the  muscular  scar  is  a  ehaltow  marginal 
impressed  line  which  is  most  evident  at  the  cardinal  angles  as  it 
converges  toward  the  beak;  interior  edge  of  the  cardinal  line  is 
carinate,  from  the  teeth  to  the  cardinal  angles;  the  details  of  the 
markings  in  the  apex  of  the  beak  are  seen  on  the  valve  itself  to 
consist  of  two  short,  distinct,  diverging  riilges  extending  not  much 
beyond  the  hinge-teeth,  between  the  anterior  ends  of  which  rises  a 
short  mesial  ridge  of  about  the  same  size  and  length,  with  faint 
linuar  ridges  parallel  with  it  on  each  side,  which  extend  a  little 
further  forward  than  the  mesial  ridge.  The  mesial  ridge  first 
gives  place  to  a  flat  unmarked  interval,  when  it  again  rises  more 
conspicuously,  but  narrower  and  sharper,  extending  nearly  to  the 
sinus  separating  the  lobes  of  the  outer  muscular  scar.  The  car- 
dinal area  of  the  convex  valve  slopes  from  the  hinge-line  obliquely 
backward,  instead  of  being  in  plane  with  the  lateral  edges,  thAs 
differing  from  S.  alternata.  Prom  three  to  five  short  undulations 
of  the  shell  transverse  to  the  cardinal  line,  are  seen  often  between 
the  umbo  and  the  cardinal  angles  the  heavier  ones  being  near  the 
cardinal  angles.  The  cardinal  process  is  bifid  and  prominent,  but 
not  spreading  or  fan-shaped,  the  two  parts  being  short,  smooth, 
dantate  protuberances  that  stand  prominently  exposed  about  paral- 
lel with  the  plane  of  the  cardinal  area. 

The  interior  of  the  entering  valve  is  very  different  from  that  of 
the  entering  valve  of  S.  alternata.  The  general  visceral  disc  is 
nearly  flat,  surrounded  by  a  suddenly  flexed  margin,  inside  of  which 
is  s  shallow  impressed  broad  line,  most  evident  round  the  front: 
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inside  the  cardinal  angle  are  a  few  scattered,  radiatel^-iuterrupted, 
short  ridges  or  elevations,  but  these  do  not  prevail  along  the  side 
nor  in  front,  the  surface  there  being  smooth  or  finely  granulated 
instead;  in  the  center  of  the  valve  are  five  smooth,  abrupt,  digitat«- 
ly  spreading  ridges,  the  middle  one  of  which  is  a  little-larger  and 
longer  than  the  others;  these  rise  more  abruptly  at  their  anterior 
extremities  than  behind,  but  none  of  them  reach  the  beak,  or  even 
the  umbonal  region,  though  the  exterior  pair  of  lateral  ones  axe 
placed  further  back  than  the  others,  converging  at  an  an^e  of 
about  70°.  Socket  ridges  very  short  and  widely  divergent;  behind 
them  are  small,  doubly  groved  sockets. 

Formation  and  Locality:  This  species  occurs  in  the  sub-crys- 
talline dolomytic  layers  of  the  upper  part  of  the  Trenton,  at  ftUn- 
neapolis.  It  exists  most  numerously  as  casts,  of  which  hundreds 
are  obtainable.  Sometimes  they  nearly  cover  slabs  when  spHt 
open  in  quarrying,  associated  with  Hemipronites  Jititextux  (Hall), 
Orthis  fricenaria,  and  species  of  Murchesonia  and  Edmondia. 
They  do  not  vary  much  in  size.  They  have  been  referred  to  in 
describing  the  rock  at  the  falls  of  St.  Anthony,  by  Dr.  D.  D.  Owen, 
as  S.  deUoidea,  and,  following  his  identification,  by  the  writer  in 
reports  of  progress  of  the  survey.  Without  seeing  the  interior  of 
the  flat  valve,  it  is  nearly  impossible  to  distinguish  this  species 
from  S.  alternate  of  Conrad,  except  that  it  is  much  smaller  than 
that  species  generally  is. 

Collectors.    N.  H.  and  H.  V.  Winchell  and  C.  L.  Henick. 

Museum  Register  Ntitnbera.  3521  (—180),  681,  —3522  (199). 
2192  and  3523. 
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The  south  room  of  the  Museum  fias  been  rendered  more  attrac- 
tive and  useful  by  the  erection  of  a  lat^,  single,  central  case  in  the 
middle  of  the  room,  designed  to  contain  distinctiTely  the  rocks,  fos- 
sils, minerals  and  soils  of  Uinnesota.  Into  this  have  been  placed 
such  {portions  of  the  survey  collections  an  are  ready  to  be  put  on 
exhibition,  or  that  could  be  spared  from  the  laboratories.  In  the 
lower  portions  of  the  other  cases  in  the  same  room  have  been  placed 
additional  shelving,  which  nearly  doubles  the  former  capacity  of 
those  cases.  Here  have  been  arranged  rock-samples  from  various 
parts  of  the  United  States,  and  from  Europe,  as  well  as  lai^  spec- 
imens  of  ores  and  minerals  that  could  not  be  contained  in  the  tops 
■of  the  same  cases.  One  of  these  has  been  set  aside  for  archfeolog- 
ical  specimens. 

The  zoological  collections  in  the  north  room  have  been  increased 
by  the  contribution  of  two  series  of  specimens  by  the  Smithsonian 
Institution,  constituting  Set  37  of  Jnvert^ata,  containing  165 
species,  and  Set  46  of  Fishes,  conttuning  7S  species,  on  behalf  of 
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the  United  States  National  Museam,  from  collections  of  the  Uni- 
ted States  Fish  Commission,  through  the  courtesy  of  Prof.  S.  F. 
Baird. 

Specimens  presented  to  the  Museum  will  be  found  enumerated 
and  acknowledged  in  the  following  catalogue: 
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ANITUAL  BSPOKT. 


CATALOGUE  OF  ARCHiEOLOGICAL  SPECIMENS  IN  THE 
GENERAL  MUSEUM. 


Flint  arrow  point  from  near  Bismarck.    PreaentedbyCol.  C.  A.  Lounsbniy. 
Chert  implement,  mifiniehed;  irom  near  Bismarck.    Presented  byC.  A. 

Lounebury. 
Qoartz  chippiuga  (fine),  Little  Foils,  Minn.     Collected  bj  N.  H.  Wiuchell. 
Quartz  chippingB  (coorBer),  Little  Falls,  Minn.     Collected  bj  N.  H.  Win- 

cbeU. 
Quarts  chippingB  (coarae),  Little  Falls,  Minn.    Collected b;  N.  H.  Wincbell. 
Chert  implement,  "finished."    Month  of  the  Little  Elk  Kiver,  near  Little 

FalU.    CoUected  l^  N.  H.  Winchell. 
Quartz  implement*,  Little  Foils,  Minn.    Collected  by  N.  H.  Winchell. 
Copper  spear-point.    Medidne  Lake,   near  Minneapolis.    Presented  Iq- 

Heniy  W.  Howling. 

Collected  by  N- 

10.  Charred  wood,  from  the  ancient  mines  of  Isle  Royale.    Collected  by  N.  H. 

WmcheU. 

11.  Ponnded  copper  flakes  from  tlie  ancient  mines  of  Isle  Boyole.    Collected 

byN.H.  Winchell. 

12.  Three  human  skulls  from  the  mounds  at  Big  Stone  Lake.    Collected  by 

N.  H.  Winchell. 

13.  Olue-glasa  bead,  from  the  mounds  at  Big  Stone  Lrike.    Collected  by  N.  H. 

Winchell. 

14.  Perforated  bone  disk  (bead?),  taken  from  the  mounds  at  Big  Stone  Lake 

by  N.  H.  Winchell, 

15.  Red  Catlinite  pipe,  from  the  upper  Minnesota  River,  formerly  ownedby 

Mireall  and  Roberts.    Presented  by  N.  H.  Winchell. 

16.  Indian  pipe,  of  the  "pipestone"  at  Fort  Fmnds.    Collected  by  N.  H.  Win- 

cheU. 
IT.    Burnt  clay'pipe.  from  the  monnds  opened  near  Lanesboro.    Presented  by 
B.  A.  Man,  Esq. 

18.  Photograph  of  clay  image  of  ihe  human  face,  found  in  the  Lanesboro 

mounds.    Presented  by  6.  E.  Day,  Esq. 

19.  Flint  chips  and  shells,  from  the  Atlantic  coast  near  Salem,  Mass.    Collect- 

ed by  C.  W.  Hall. 

20.  Stone  hammer,  withed,  from  near  the  Lower  Agency  on  the  Minnesota 

River.    Collected  by  N.  H.  Winchell. 

21.  Collection  of  arm  and  leg  bones,  including  one  perforated  humerus,  from 

the  monnds  at  Bif  Stone  Lake.    Collected  by  N.  H.  Winchell.*. 
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22.  Lot  of  hum&n  teeth  taken  from  the  mounds  at  Big  Stone  Lake.    Collected 

by  N.  H.  WincheU. 

23.  Miacellaneoui  bone*  and  &8gmenta  of  bones,  mostly  homan,  from  tlie 

moimdB  at  Big  Stone  Lake.    Collected  by  N.  H.  WincheU. 

24.  Potter;  fngments,  from  near  Binnarck.    Presented  by  CoL  C.  A.  Loons- 

25.  Attow  heads,  from  Spring  Valley,  presented  by  John  Eleckler. 

26.  Chippewa  bark  canoe  and  two  paddles  made  at  Grand  Portage,  Lake 

Superior;  used  by  the  Geological  snrvey.    CoHected  by  N.H.  WincheU. 

27.  Homan  femur  from  a  monnd,  Sec.  S,  Rutland,  Martin  county.     Collected 

by  Wanen  Upham. 

28.  Portion  of  a  skull  and  jaw  fram  a  mound.  Sec.  6,  Rutland,  Martin  county. 

Collected  by  Warren  Upham. 

29.  Left  ramus  of  jaw,  irom  a  mound,  See.  6.,  Rutland,  Martin  county.    Col- 

lected by  Wairen  Upham. 

30.  Pottery,  probably  by  recent  Indians,  E.  side  of  Talcott  Lake,  1—2  ft.  below 

the  surface.    Land  of  Wm.  Crapey,  ne  J^  sec.  30,  Soathbrook,  Cotton- 
wood county.    Collected  by  Warren  Upham. 

31.  Human  akull,  from  a  mound,  Green  Lake,  Kandiyohi  oOQoty.     Collected 

by  C.  M.  Terry. 

32.  Fragments  of  two  human  skulls.  Green  Lake,  Kandiyohi  county.    Foond 

in  a  mound.    Collected  by  C.  M.  Teny. 

33.  Fragments  of  leg  bones,  Green  Lake,  Kandiyohi  county.    Collected  bj 

C.  M.  Teny. 

34.  Water-worn  pebble  (supposed  to  be  wrought  by  man),  Green  Lake,  Kandi- 

yohi county.    Collected  by  C.  M.  Terry. 

35.  Teeth  and  bones  of  (buffalo?),  Green  Lake.    Collected  by  C.  M.  Terry. 
86.    Arrow-head  of  flint,  Rochester,  Minn.    Presented  by  W.  D.  Horlbnt. 

37.  Quartz  arrow-bead  chippings,  (onassorted).  Pike  Rapids.    Collected  by  N, 

H.  WincheU. 

38.  Quartz  fragments  and  chippings  (also  two  pieces  of  gneiss),  dug  from  tl>e 

allurium  at  Little  Falls.    Collected  by  N.  H.  WincheU. 

39.  Flint  arrow-head.  Medicine  Lake,  Hennepin  county? 

40.  Pottery,  bones,  piece  of  skull,  etc.     In  black  soil  l%-2%  feet  below  the 

surface,  Green  Lake,  Kandiyohi  county.  Collected  by  Warren  Upham. 

41.  Bones,  pottery,  chipped  flints.  Green  Lake.     Wairen  Upham. 

42.  Hatchet  (rec^it)  made  of  Catlinite. 

43.  Gnnflints,  (2  spns.)  Found  at  Gunflint  Lake  in  1876.  by  N.  H.  WincheU. 

44.  Gunftints,  Oxford  Hills,  Canon  Falls,  Goodhue  county.    Collectedby  N.  H. 

WincheU. 

45.  Bones,  pottery,  ete..  Green  Lake.    Warren  Upham. 

46.  Human  ulna,  from  mounds  near  St.  Peter.    Deposited  in  the  museum  by 

J.  Blackiston. 

47.  Foot  bone  (great  toe),  from  mounds  near  St  Peter.    Deposited  in  the  mu- 

seum by  J.  Blackiston. 
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48.  Finger  bone  (had  a  ring  on)  from  mounds  near  St.  Peter.    Depoeited  in 

the  museum  by  J.  BlackiBton. 

49.  Fragrment  of  radiua,  from  monnda  near  8t.  Peter.    Depoaited  in  the  mn. 

seum  by  J.  Bladdston. 

50.  Silver  wriaUet,  atamped  "Monlzeal"  and  "B  C,"  &om  numnds  near  St. 

Peter.    Deposited  in  the  mnsem  by  J.  Blackieton. 

51.  Two  copper  ear  pendanta  (tubular,  <nie  haa  hair  in  it),  hopi  mounds  near 

St  Peter.    Deposited  in  the  museum  by  J.  Blackiston. 
£>2.    String  of  thirty,  small,  white  china  beads,  from  mounds  near  St.  Peter. 
Deposited  in  the  museum  by  J.  Blackiston. 

53.  One  large,  brown,  gUes  bead,  Irom  mounds  near  St.  Peter.    Deposited 

in  the  museum  by  J.  Blackiston. 

54.  Four  common  pins,  from  mounds  near  St.  Peter.    Deposited  in  the  mu 

seum  by  J.  Blackiston. 

55.  One  sewing  needle,  from  mounds  near  St.  Peter.    Deposited  in  the  mu- 

seum by  J.  Blackiston. 

56.  Pearl  ornament,  somewhat  heart-shaped,  Irom  mounds  near  St.  Peter. 

Deposited  in  the  museum  by  J.  Jtlnckiston. 
47.    Quartz,  arrow  point  [opaque  white),  Irom  mounds  near  St.  Peter.    De- 
poaited in  the  muaeum  by  J.  Blacldston. 
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V. 


LIST    OF    BOOKS    IN  THE    LIBRARY   OF  THE   GEOLOGICAL    AND 
NATURAL  HISTORY  SURVEY. 


JoumiU  of  thfi  Academy  of  Natural  Sdence  of  Philadelphia.    1817  to  1840. 

Eight  Tolumes. 
Proceedings  of  the  Academy  of  Natural  Sciencea  of  Philadelphia.    1841  to  1878. 

Thirty  Toluihes, 
Journal  of  the  Academy  of  NatumI  Sdencea  of  Philadelphia.    New  «eries,  4to. 

1847  to  1881.    Eigbt  Tolumea. 
British  Paleozoic  Rocks,  and  Fossils.    Sedgwick  Sc  McCoy.    4to.    1855. 
H«moin  of  the  Geological  Survey  of  Great  Britain,  aud  of  the  Museum  of 

Practical  Geology.    1846  to  1872.    Four  volumes. 
T^ausactiMis  of  the  Geological  Society  of  Glasgow.    Palteontological  series. 

Part  I. 
The  Silnriiui  Bracbiopoda  of  the  Pentland  Hills.    Thomas  Davidson. 
Owen's  Odontography.    Textaiid  Atlas.    Two  volumes.    1840-1845. 
The  Geological  Surrey  of  New  York.    Aonaal  Reports  for  the  years  1837, 

1838  and  1840.    Two  volumes. 
TVansactionB  of  the  Geological  Society  of  Glasgow.    Vol.  1,  Part  II.    On  the 

phenomena  of  the  gUci^  drift  of  Scotland.     By  Archibald  Geikie. 
TraosactionB  of  tho  Academy  of  Science,  St.  Louis.    Vol.  IV,  No.  1, 1880. 
Owen's  Geological  Survey  of  Wisconsin,  Iowa  aud  Hiuoesota.    One  volume  4to. 
The  Canadian  Naturalist  and  Geologist.    VoU.ltoVin.    1853  to  1863.    Mon- 
treal. 
Hie  Canadian  Naturalist  and  Journal  of  Sdence.    Vols.  I  to  Till.    1864  to 

1875.    Montreal.    [Vol.  4  has  only  Nos.  1,  2  and  4.    Vol.  6  has  only 

Nos.  I,2and8. 
Traite  de  Palwontologie.    Pictet.    2d  Edition.    Paris  1853.    Four  volumes,  8vo 

and  4to  Atlas. 
PublicatioiiB  of  the  Palncmtogmpbical  Society.    London.    Thirty  volumes,  4to. 

From  1848  to  1876.    (31  vols,  as  issued.) 
Murchison'i  Silurian  System,  4toi  and  case  with  large  map. 
Russia  and  the  Ural  HoontaiuB,  4to.    Vol.  I,  Geolc^.    Vol.  II,  Paheonttdogie 
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VI- 

THE  WATER  SUPPLY  OF  THE  RED  RIVER  VALLEY. 


Since  the  examination  of  this  important  Babject  in  1877,  and 
the  discnssion  in  the  report  of  that  year,  very  general  attentiou 
has  been  given  to  the  ways  and  means  of  obviating  the  difficDlties. 
In  a  great  many  instances  the  same  methods  of  curbing  wells  with 
pine  planks,  attended  by  the  same  serious  consequences,  have  been 
followed,  but  the  more  enlightened  well-diggers,  and  the  proprie- 
tors of  large  farms  have  generally  abandoned  that  manner  of  curb- 
ing wells,  and  have  resorted  to  tiling  or  brick,  or  to  iron  tubing; 
and  in  numerous  cases  deep  wells  here  penetrated  the  drift  to  that 
depth  where^'supply  of  non-alkaline  water  has  been  reached,  hav- 
ing an  artesian  overflow, 

At  South  Crookston,  Mr.  E.  S.  Corser  bored  to  the  depth  of  190 
feet,  penetrating  throagh  the  blue  clay  into  coarse  sand,  or  fine 
gravel,  affording  sweet,  cool  water,  quite  soft,  which  rises  ten  feet 
above  the  snrface,  through  a  three  inch  pipe  at  the  rate  of  three 
pailfnis  per  minute. 

At  Lockhart,  Polk  county,  Mr.  0.  E.  Spear  has  sunk  four  wells 
which  supply  artesian  water.  That  on  the  Lockhart  farm  is  140 
feet  deep ;  it  has  a  great  pressure  upward,  the  water  rising,  when 
unconflned,  in  a  four-inch  tube  to  the  height  of  five  feet  above  the 
surface  of  the  ground. 

The  artesian  "salt  well"  at  St.  Vincent  was  sunk  by  the  St. 
Paul  and  Pacific  railroad  company,  the  work  being  done 
by  Mr.  0.  E.  Spear,  of  Minneapolis.  Respecting  the  strata 
passed  through,  and  the  position  of  the  well,  the  following  com- 
munication from  Capt.  Edward  Collins,  of  Fort  Pembina,  gives  full 
particulars.  A  sample  of  the  wat«r  of  this  well  is  being  analyzed 
by  the  survey,  and  will  be  reported  in  a  general  report  on  the 
Hydrology  of  the  State, 
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F.iRT  Pembina,  I).  T.,  Januwy  20,  1881. 

y.  H.  WincMl.  Statt  OeologisI,  MiiineapolU.  Xfinii. 

Sir;  In  response  to  youi-commnnication  of  the  6th  inst.,  1  have  tlie  honor  to  en- 
ciow  herewith  a  trace  of  a  drawirg.  Bhowing  the  section  passecl  through  in  boring 
the  artesian  well  at  St.  Vincent,  Minn. 

The  well  has  been  xtopped  to  prerimt  the  How  of  Kalt  water,  untl  a  spei'imen 
cannot  be  sent  as  desireil.  Some  idea  of  itn  character  maybe  inferred  from 
the  fact  that  a  dish  holding  one  inch  in  de^ith,  ineMiiring  live  inches  acroBi  the 
top  and  three  inches  across  the  bottom  lefl  upon  evaporation  nbout  }^  of  an  inch 
jn  thickneee  of  a  deposit,  perfectly  dear  and  reported  by  the  a«diittint  surgeon  at 
the  Port  (Dr.  H,  0.  Periey.  U.  S.  A.}  as  chietly  made  kip  of  common  salt  with  a 
mixture  of  lime  and  magnexia.  Tlie  altjtude  tp  which  it  would  rise  wan  not  aa- 
certaioed.  It  flowel  over  the  pipe  at  about  the  rate  of  a  common  water  bucket 
in  something  lea^  than  a  miniit«  as  nearly  as  can  be  recollected.  The  water  waa 
clear;  tempi^ratun- judged  not  far  from  Wand  ett'ervesoed  sligiitly  upon  i-oming  to 
the  air. 

The  stratum  of  limestone  concrete  was  easily  drilled  and  the  pjp^  was  tbrced 
after  it  with  great  difiiculty.  injuring  it  at  the  bottom  in  xo  doing.  A  smaller 
pipe  should  have  been  inserted  and  carried  through  this  depoait.  The  fitnitum 
of  gravel  undeniedth  was  very  loose  and  dry,  the  pebbles  identical  with 
thoxe  found  in  connec^on  with  the  Cretaceous  deposits  on  the  Missouri  river. 

The  sand  in  which  the  water  was  found  appeared  the  same  as  that  on  each 
mde  of  the  valley  where  it  meets  the  table  land. 

Th"  nearest  salt  wat^r  is  in  a  small  tributary  of  the  Reil  River  from  the  west 
a  few  miles  soutli  of  this  point.  Tlii-  stream  coming  into  the  valley  fairly  fresh, 
tiiough  somewhat  alkaline,  emerges  from  a  small  lagoon,  very  salt,  having  had 
apparently,  at  this  point,  some  communication  with  the  salt  deponit,  which  ap- 
pears to  underlie  the  valley. 

No  trace  of  any  organic  b'Kly  could  be  seen  in  any  of  the  strata  penetrated. 
They  are  con-iidered  as  of  the  I'i'etaceous  period. 

Water  is  found  by  the  settlers  generally  by  digging  a  few  feet  in  the  mariy 
subsoil.  It  is  nothing  but  surface  water,  though  it  can  be,  and  is  used  for  all 
domestic  purposes.  The  best  wafer  in  the  valley  is  from  the  Red  River  itself, 
and  this  is  really  good  water,  nor  U  there  likelihood  of  finding  any  other  source 
of  supply  eicept  by  boring  very  de^p  artesian  wells  or  ."taring  nun  water  in  cis- 

It  is  hoped  the  experiment  of  sinking  a  well  far  enough  to  strike  a  supply  of 
pure  water  wiil  be  undertaken. 
Pleasf  acknowledge  receipt. 

Very  respectfully, 

Your  obedient  servant, 

EDWIN  COLLINS, 

Captain  ITth  In&ntry. 

Commanding  Post. 
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Section  Bhowing  deposits  in  the  R«d  River  Valley,  near  Fort 
Pembina,  D.  T.  as  found  in  boring  for  water  at  St.  Vincent  by  St. 
P.  &  Pacific  R.  R.  Co.,  Jan.  and  Feb.,  1879. 

Scale — one  inch  to  80  feet. 


Boad  Bed  ol  8L  F.  81  P.  R  B. 


Pale,  drab -colored,  cluyey  marl,  very  compact  and  uultonn 
tbrouKliout  Its  nbole  thlckoest  until  near  surface  of  mider- 
Ijing  rock  irbeo  a  tew  lime  pebbles  were  noticed.  No 
water  In  any  part. 


Hade  up  o(  hard  and  son  pebbles  and  sand,  some  flint  Inteispeised. 
Clay,  compact,  blue.  " 
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This  water  seems  not,  accordiof;  to  Dr.  H.  0.  Perley,  V.  S.  A.  at 
Fort  Pembina,  to  be  a  pnre  brine  of  chloride  of  sodium,  but  con- 
tains,  along  with  sodium,  a  considerable  quantity  of  magnesium 
and  calcium.  In  other  words  it  is  one  of  the  alkaline  waters  of  the 
Talley. 

At  Audubon  station  two  wells  have  a  depth  of  sixty  feet.  One 
is  the  town  well  and  the  other  is  that  of  Wm.  H.  Irinh.  In  these 
the  water  rose  nearly  to  the  top,  but  does  not  overflow. 

On  sec.  28,  Hamden  Becker  county,  the  well  of  John  Croll,  75  ft. 
deep,  sajrolies  water  that  rises  14  ft.  above  the  surface.  Another 
three  miles  Further  north,  owned  by  E.  N.  Jellum,  has  a  depth  of 
100-110  feet,  and  is  also  a  flovring  well 
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At  Gljiidon,  on  the  farm  of  Q.  S.  Barnes,  is  a  well  112  feet  deep, 
in  which  the  water  rose  102  feet. 

In  Wilkin  county,  Campbell  village,  the  well  at  the  Pacific 
House  is  47  feet  deep  and  the  water  stands  at  6  ft.  below  the  ^op; 
and  another  on  sec.  10,  T.  130,  R.  46,  owned  by  Robert  Glover  has 
a  depth  of  53  feet,  and  the  water  rose  to  within  four  feet  of  the 
top. 

The  railroad  well  at  Tintah,  in  Traverse  county,  ia  55  feet  deep 
and  is  a  flowing  well,  and  another  4  miles  S.  E.  of  this  was  form- 
erly flowing.  The  water  of  the  Tintah  well  was  chemically  exam- 
ined and  reported  in  1877. 

It  seems  probable  that  this  method  of  obtaining  water  will  be- 
come common  in  the  valley  of  the  R«d  river  of  the  North.  The 
conformation  of  the  drift  deposits  is  such  as  to  warrant  the  ex- 
pectation that  over  a  large  area,  on  both  sides  of  the  river,  artesian 
water  can  be  obtained.  It  is  similar  to  that  in  northwestern  Ohio. 
The  continuity  of  the  till  from  the  Leaf  Hills  across  the  valley 
westward,  is  like  that  of  the  drift  sheet  in  the  Maumee  valley. 
The  artesian  wells  at  Toledo,  and  in  Defiance  county,  are  exactly 
duplicated  by  those  at  Glyndon  and  Crookston.  The  rolling  and 
more  gravelly  drift  of  the  Leaf  Hills  furnishes  the  supply  and  res- 
ervoir for  these  wells.  When  the  water  has  once  entered  below 
the  clay  sheet  it  finds  no  exit  through  it  upward,  and  remains  un- 
der hydrostatic  pressure,  which  forces  it  upward  with  great  vio- 
lence when  it  is  released  by  sinking  these  wells.  While  several  of 
these  wells  have  given  a  non-alkaline  water,  that  cannot  be  ex- 
pected of  all  -such  wells  in  the  valley. 

Simple  Tests  of  tbe  Qualities  of  Water. 

The  detection  aud  determination  of  the  mineral  and  especeially 
organic  of  the  impurities  of  water,  when  carried  to  ultimate  results, 
is  one  of  the  difKcult  opperatious  of  chemical  manipulation;  but 
a  few  directions  can  be  given  to  enable  any  one^to  make  some 
general  distinctions,  by  means  of  such  reagents  as  are  accessible 
either  at  home  or  at  the  nearest  drug  store.  These  would  be  of 
use  to  those  who  desire  to  know  something  about  the  nature  of  the 
impurities  found  in  the  water  of  their  wells,  but  do  not  wish  to 
incur  the  expense  of  a  full  (juantitative  analysis. 

«l  eullylav  all  able  iwltb  (heco-op«MlDn  and 
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'  1.  Solids  Id  Solution. 

• 

Lime.  This  ia  mostlv  iueolutioD  as  bicarboui^te.  or  as  sulphate, 
aud  is  found  in  Dearly  all  cominoii  wells;  it  is  known  by  the  fa- 
miliar quality  which  is  described  as  "hard,"  i.  e.,  with  common 
soap  it  producer  a  second  soap  which  is  precipitated,  or  floats  in 
fiocks  in  the  water.  It  also  becomes  evident,  when  the  water  is 
boiled,  by  the  formation  of  a  cru»t  of  lime  on  the  interior  of  the 
kettle.  A  chemical  test  consists  in  adding  a  few  drops  of  hydro- 
chloric acid,  then  a  few  drops  of  oxalic  acid  (2  drms.  in  2  oz.  water, 
cost  10  cents,)  and  then  aqua  ammonia,  when  a  white  precipitate 
is  formed. 

Iron,  If  a  well  contain  chalybeate  water,  which  is  also  common- 
ly the  case  i^  gravelly  districts,  it  has  an  '^  irony  "  taste,  and  on 
repeated  evaporation  on  a  plate  will  leave  a  rusty  sediment.  The 
evaporation  is  best  performed  in  a  teacup  placed  in  a  tin  cup  of 
boiling  water  on  a  tiot  stove.  The  brown  residue  is  mostly  oxide 
of  iron.  To  confirm  this,  add  to  the  residue  a  drop  or  two  of  pure 
hydrochloric  acid,  than  a  drop  of -ictrocyanide  of  potaasiun;  a  blue 
color  and  a  precipitate  ia  produced,  (for  solution  of  ferrocyanide  of 
potassium.  2  drams,  in  2  o/..  distilled  water;  cost  about  12  cents). 
Water  may  contain  as  much  as  two-tenths  grain  of  iron  per  gal- 
lon, without  being  injurious  as  a  drinking  water. 

A  delicate  test  for  iron  in  water  consists  in  stirring  a  quantity 
of  the  water,  in  a  porcelain  dish,  with  a  glass  rod  previously  moist- 
ened with  sulphide  of  ammonium  If  the  water  becomes  colored 
or  turbid,  it  contains  either  lead,  copper  or  iron.  If  a  few  drops  of 
hydrochloric  acid  then  be  added,  and  the  color  disappears  or  is  sen- 
sibly reduced,  the  water  contains  iron;  but  if  not,  the  coloration 
was  produced  either  by  lead  or  copper. 

Lead  and  cojyper.  The  above  test  for  iron  will  determine  the 
presence  or  absence  of  these  metals.  If  lead,  copper  aud  iron  are 
all  present,  the  coloration  will  be  reduced  somewhat,  but  will  not 
wholly  disappear.  [Sulphide  of  ammonium  solution  2  drams,  with 
bottle  should  cost  about  20  cents.  The  bottle  should  have  a  dark 
paper  pasted  all  around  it.] 

Alkalies  and  Alkaline  Earths.  In  most  of  the  surface  and  well- 
waters  of  the  western  part  of  the  State,  particularly  in  those  parts 
where  the  "blue  clay"  exists,  the  product  of  the  glacial  epoch,  is 
found  a  greater  or  less  amount  of  either  soda  or  potassa,  as  well  as 
of  the  alkaline  earths,  lime  and  magnesia.  These  are  derived  from 
the  clay,  or  glacial-drift  deposit  that  covers  that  part  of  the  State, 
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as  well  as  much  of  Iowa,  Xebraska  aod  Dakota.  To  the  drift 
they  were  supplied  by  the  Cretaceous  clayti  and  ahalef  which  by  their 
disintegration  hare  so  largely  augmented  the  imperrious  drift- 
sheel;  in  those  StateH.  Thej  came  originally  from  the  waters  of 
the  alkaline  ocean,  which  deposited  the  Cretaceous  rockn  These 
alkalies  (soda  and  potassa)  if  present  in  observable  or  objectionable 
quantities,  can  be  detected  by  the  taste.  They  cause  a  soapy,  or 
alkaline,  or  somewhat  nauseating  taste  in  the  water.  Persons  who 
are  addicted  to  the  use  of  such  water  soon  lose  the  ability  to  dis- 
tinguish these  alkalies,  and  they  may  experience  little  or  no  injur- 
ious effects;  but  a  novice  is  at  once  struck  with  the  peculiar  taste, 
and  perhaps  suffers  a  derangement  of  the  disgestive  system  if  he 
persists  in  drinking  the  water.  Such  waters  are  not  odorous. 
Water  containing  these  impurities  only  is  clear,  and  *o  the  sight 
and  smell  is  very  inoffensive.  It  is  when  they  come  into  contact 
with  vegetation,  or  any  organic  substance,  that  they  become  the 
cause  of  rapid  chemical  reactions  that  result  in  foul  odors.  The 
organic  acids  replcae  the  acids  in  combination  with  the  alkalies,  and 
sulphuretted  hydrogen,  and  perhaps  other  gases,  are  set  free  to  per- 
meate the  water  or  to  pass  away  in  the  air.  The  special  chemical 
tests  for  proving  the  presence  of  soda  or  potassa  are  rather  too 
complicated  to  be  of  service  to  the  non-professional  well-owner. 
If  a  more  delicate  examination  is  desired  several  gallons  of  the  wa- 
ter must  be  sent  to  some  practical  chemist.  If  the  water  has  a 
bitter  teste,  like  epsom  salt,  it  shows  the  presence  of  sulphat«  of 
magnesia. 

3.    Orgranlo  ImpuritieB. 

The  presence  of  organic  impurities  in  the  wells  of  the  prairie 
portion  of  the  State  is  very  common.  These  do  not  come  from 
the  clay  in  which  the  wells  are  dug,  but  from  the  pine  curbing  or 
some  other  local,  and  generally  removable,  canse  in  the  surround- 
ings of  the  well.  Sometimes  a  long  wooden  tube,  serving  for  a 
pump,  is  the  source.  The  snpplv  of  these  organic  impurities  is 
provoked  and  hastened  by  the  prevaUing  alkaline  qualities  of  the 
waters.  {See  the  sirih  annual  report  for  a  full  discussion  of  the 
trater  supply  for  domestic  uses  in  the  western  part  of  the  State). 
These  organic  impurities  are  the  chief  source  of  danger  to  the 
farmer,  as  they  have  been  the  cause  of  hundreds  of  cases  of  typhoid 
fever.  If  the  organic  impurities  are  odorous  and  very  offensive,  or 
if  the  water  contain  sulphuretted  hydrogen,  the  fact  may  be  shown 
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by  throwing  into  a  tumblerful  a  pinch  of  augar  of  lead,  when 
the  water  will  become  black.*  If  the  organic  impurities  are  not 
odorous,  so  as  to  attract  attention,  stti!  their  presence  may  be 
detected  by  what  is  known  as  the  "ammonia  process."  This  method 
is  in  genera]  use  among  water  analysts,  though  the  "permanganate 
process"  is  also  employed,  the  latt«r  being  themoresimple,  but  the 
former  the  more  delicate  and  correct.  For  the  purpose  of  the  well- 
owner  it  is  best  to  state  here  only  the  permanganate  process.  Adilute 
solutionofpermanganateof  potashisto  be  added  to  a  tumbler  nearly 
filled  with  the  water  to  be  tested.  1{  the  water  Is  free  from  organic 
impurities,  the  coloration  of  the  water  by  this  additiou,  will  be  per- 
manen*^;  but  the  clarification  of  the  water,  in  a  moment,  indicates 
the  presence  of  organic  poison.  The  greater  the  amount  of  the 
permanganate  necessary  to  produce  continued  coloration  the  greater 
the  impurity  of  the  water. 

Another  test  for  organic  matter,  but  which  is  not  fully  reliablei 
Is  to  heat  on  a  teaspoon  some  of  the  matt«r  obtuned  by  evapora- 
tion in  a  tea-cnp:  if  It  blackens  and  then  whitens  ^aln,  organic 
matter  is  shown. 

3.    OaseouB  Substanoos. 

Sulphuretted  Hydrogen.  As  already  stated  for  the  detection  of 
odorous  organic  impnrities,  as  they  generally  occur  in  wells  in  the 
western  part  of  Minnesota,  in  connection  with  alkaline  mineral  in- 
gredients, this  gas  can  be  shown,  not  only  by  the  smell,  but  also  by 
the  sugar-of-lead  test.  But  there  are  some  wells  that  are  genuine 
sulphur  wells,  or  sulphur  springs,  that  derive  free  sulphuretted 
hydrogen  from  the  rocks  underlying,  and  contain  no  noxious  or- 
ganic matters.  The  test  here  may  be  the  same.  Further,  such 
waters  will  cause  a  blackening  of  the  metallic  dippers  and  pails  in 
which  it  is  handled.  Such  waters  are  not  noxious,  but  constitute 
some  of  the  famed  mineral  waters  of  the  country. 

Carbonic  acid.  (Most  commonly  with  lime).  Add  clear  lime 
water.  There  will  be  a  white  precipitate  which  will  dissolve  on 
adding  a  little  hydrochloric  acid. 

Carburetted  Uijdroyen.  Besides  the  odors  that  arise  from  wells 
contaminated  by  organic  decay,  the  principal  gas  from  which  is 
sulphuretted  hydrogen,  there  are  some  wells  in  western  Minnesota 
that  have  an  odor  somewhat  different,  resulting  from  the  distilla- 
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tion  of  gas  from  the  lignites  of  the  Cretaceous,  with  which  they 
come  in  contact.  The  gas  can  be  distinguished  from  sulphuretted 
hydrogen  by  the  fact  that  the  addition  of  itugar  of  lead  will  not 
cause  the  water  to  become  inky  black. 

Chlorhie.  In  the  case  of  wells  suspected  of  contamination  by 
sewerage,  the  organic  matter  present  is  easily  shown  by  the  de- 
tection of  chlorine,  which  is  in  state  of  combination  with  sodium, 
forming  common  salt.  Still  the  presence  of  chlorine  in  well  wat- 
ers from  the  western  p^  of  the  state,  cannot  be  taken  as  evi- 
dence of  the  presence  of  sewage  contamination,  since  some  of  the 
mineral,  alkaline  ingredients  are  in  combination  with  it  in  a  nat- 
ural state,  sometimes  even  forming  common  salt.  Add  a  few 
drops  of  pure  nitric  acid,  then  nitrate  of  silver;  a  white,  cloudy 
precipitate  or  turbility  will  result.  [For  solution  of  nitrate  of  sil- 
ver, obtain  1  dram  in  1  ounce  of  distilled  water;  coat,  with  bot- 
tle, about  25  cts;  pure  nitric  acid  20  cts.] 

Sulphuric  Acid,  [most  commonly  with  lime  or  magnesia.]  Add 
a  few  drops  of  pure  hydrochloric  acid;  then  chloride  of  barium;  a 
white,  heavy  precipitate  will  form.  [For  solution  of  chloride  of 
barium,  get  two  drams,  in  two  ounces  of  distilled  water;  cost 
about  10  cts;  pure  hydrochloric  acid,  15  cts.] 
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VII. 

THE  UPPER  MISSISSIPPI  EEGION. 

A.   BEPORT   Bt  O.   E.    GARRISON. 


Prof.  N.  ff.  Winckell,  State  Geologist : 

Sir;  In  the  following  report  I  will  give  a  succinct  narrative  of 
the  journey  taken  by  me  during  the  paj^t  summer  to  explore  the 
head  waters  of  the  Mississippi  R.  in  the  interest  of  the  tenth  census 
of  the  United  States,  Dept.  of  Forestry. 

This  paper  is  compiled  from  notes  made  in  pursuance  of  instruc- 
tions given  in  your  letter  of  the  23d  of  June  1880.  In  the  accom- 
panying map  I  have  included  the  tountrv  traversed  and  have  en- 
deavored to  represent  the  surface  geology  of  the  region  as  observed 
at  various  times  during  the  la.st  20  or  23  years. 

With  one  assistant  as  canoe  man  and  man  of  all  work.  I  left  St. 
Cloud  via  Northern  Pacific  R.  R.  June  28.  1880,  arriving  at 

Camp  iVo.  i,  Vetndah.  H'ndena  Count;/, 

on  the  same  day,  at  which  place  we  remained  two  days,  taking 
notes  of  the  forests,  etc.  Your  own  published  observations  render 
any  of  mine  superfluous.  Leaving  Verndale  we  put  canoe  in  the 
Wing  R.  at  about  one  mile  from  the  station  near  where  a  milt  was 
in  process  of  erection.  The  dam  gives  about  10  feet  head  and  the 
excavation  for  the  foundation  exposes  the  stony  clay  so  often  de- 
scribed at  about  10  feet  below  the  surface  which  here  consists  of 
a  sandy  and  gravelly  clay. 

Camp  No.  3,  Wednesday,  June  30, 
was  pitched  on  a  spot  of  gravelly  clay  10  feet  above  the  flood  plain 
thrown  up  in  digging  a  mill-race,  near  where  the  line  of  Tps.  181 
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135  crosses  the  river.  The  dam  having  been  carried  away,  the 
sit«  is  now  abandoned.  In  the  race  the  boulder  clay  appears  near 
the  surface  which  is  a  rolling  sandy  and  clayey  loam.  The  timber 
consists  of  scattering  black  pine,  Pinus  banksiana,  small  Xorway 
pine,  P.  resinosa,  with  a  new  growth,  chiefly  of  deciduons  varieties, 
an  black  and  burr  oaks  aspens  and  birches. 

Vamp  iVo.  .3,  Thursday,  July  1. 

Entered  Leaf  R.  at  9^  a.  m.  and  the  Crow  Wing  at  i  e.  u.  The 
Leaf  R.  seems  to  be,  approximately  at  least,  a  dividing  line  between 
fine  stratified  sand  on  the  north,  and  sandy  or  gravelly  clay  on  the 
south.  I  took  occasion  to  examine  an  old  fortification  which  I 
discovered  and  surveyed  in  1869  of  which  I  enclose  a  sketch  show- 
ing plan  and  elevation  (Fjg.  1,  Plate  1).  Some  three  or  four  miles 
north  of  this  place  I  discovered  what  appears  to  be  evidence  of  a 
former  settlement.  1  think  these  are  the  sites  of  a  winter  camp 
of  one  of  the  early  explorers  of  this  region, 

The  flood  plain  of  the  Leaf  R.  has  an  average  width  of  60  rods  ■ 
and  is  thickly  covered  by  a  growth  of  decidaons  trees,  while  the 
conifers  occupy  almost  exclusively  the  upland.  The  timber  on  the 
bottoms  is  chiefly  elm,  oak,  soft  maple,  ash,  and  ironwood,  while 
by  far  the  most  abundant  among  the  conifers  is  the  black  pine, 
Pinus  banksiana.  The  river  at  its  present  stage  is  from  two  to  four 
feet  below  the  surface  of  the  flood  plain.  Camped  on  a  bluff  16  or 
18  feet  above  the  Crow  Wing  R.  iu  see.  1,  T.  134.  R.  33. 

Camp  .Vo.  4,  Friday,  July  2. 

.-Vbout  a  mile  above  the  Fambam  Brook  is  a  bluff  42  feet  high, 
where  a  recent  land  slide  reveals  the  character  of  the  drift.  The 
top  consists  of  a  layer,  3  or  4  feet  thick,  of  sand  with  no  large  peb- 
bles mixed  with  vegetable  mould;  below  is  a  layer  of  white  sand  2 
ft.  thick  followed  by  a  layer  of  6  feet  of  coarse  sand  and  gravel 
with  rounded  pebbles.  A  layer  of  quicksand  6  or  7  feet  thick  rests 
upon  the  boulder  clay  which  extends  below  the  river  bed. 

The  surface  is  rolling  with  few  large  boulders.  Camped  in  sec. 
2.  T.  135N.,  R.  33  W. 

Camp  No.  5,  Satnrday,  July  3. 

Soon  after  leaving  camp  No.  4  the  river  changes  radically  in  the 

nature  of  the  channel  and  bluiis.     The  former  is  obstructed  by 
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bowlders  while  the  cnrreDt  becomes  quite  strong.  The  blu£k  are 
eloping,  and  closely  wooded  and  strewn  with  bowlders  of  granite, 
horblende  and  occasionally  of  limestone.  The  country  retains  the 
same  general  aspect  tut  below.  Groves  of  Norway  and  occasional 
white  pine  are  interspersed  among  the  characteristic  black  pine. 
There  are  also  a  few  burr  and  black  oaks.  On  the  bottoms  are  the 
ash,  elm,  oak,  aspen,  spruce,  balsam,  fir.  soft  maple  etc.  In  sec.  3. 
T.  136  N..  R.  33  W.  on  the  left  bank  of  the  river  near  the  head  of 
a  rapids  are  two  ancient  mounds.  I  landed  and  made  the  follow- 
ing rough  measurements:  The  one  nearest  the  river  is  56  paces 
from  the  top  of  the  river  bank,  here  about  13  ft.  hig^;  its  longest 
diameter  is  nearly  parallel  with  the  course  of  the  stream;  the  shape 
is  oval,  the  longer  diameter  being  45  ft.  and  the  height  4  ft.  The 
second  mound  is  38  paces  farther  west,  having  about  the  same  size 
and  direction  as  the  first,  but  is  somewhat  higher.  North  of  both 
is  a  depression  as  if  the  earth  had  been  ezcavat«d  in  making  them. 
The  soil  is  sandy  with  no  boulders  except  in  the  river  channel 
where  they  are  large  and  numerous.     €amped  in  sec.  5.  T.  136,  R. 


Camp  No.  f>.  Sunday,  July  4tfi. 

Lay  in  camp  all  day.  The  bluffs  have  continued  to  decrease  in 
height  since  leaving  Camp  No.  4,  where  they  were  from  30  to  50 
feet  high,  while  here  they  are  only  5  or  6  feet  high,  with  sloping 
banks,  overgrown  with  grass  and  hazel.  Very  few  boulders.  Many 
red  oak  trees  20  to  30  feet  high,  12  to  18  inches  in  diameter  with 
an  occasional  black  oak.  A  few  rods  back  from  the  river,  tha 
characteristic  black  pine  and  sandy  rolling  surface. 

Camp  No.  7,  Mondaij,  July  offi. 

The  river  retains  the  same  general  character  as  on  Saturday,  the 
stoney  clay  approaching  nearer  the  surface.  The  oaks,  aspens,  elm 
ash  are  oftener  seen  on  the  uplands  but  the  country  a  snort  dis- 
tance from  the  river  is  the  same  as  lower  down  the  stream.  At 
about  the  middle  of  the  afternoon,  however,  after  passing  through 
a  tamarac  swamp  and  meadow  in  the  northwest  comer  of  sec.  37 
R.  33.  we  found  the  bluffs  higher,  10  or  20  feet  above  the  flood 
plain.  The  flood  plain  is  40  to  60  rods  wide,  covered  with  willow 
thickets.  About  80  rods  east  of  camp,  is  a  sink  hole  similar  to 
those  found  in  limestone  countries,  SO  feet  deep  with  water  at  the 
bottom,  fringed  with  a  dense  growth  of  willow  and  alder. 
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Cainj)  No.  8,  Ttusdaij,  Jtthj  li. 

Gamp  on  a  narrow  neck  of  land  between  two  lakes  in  Sec.  6.  T. 
138,  R.  34.  The  country  passed  through  to-day  was  similar  to 
that  already  described  until  we  reached  the  junction  of  the  Shell 
and  Crow  Wing  rivers,  the  former  coming  in  from  the  west,  the 
later  from  the  north.  The  country  lying  north  of  the  one  and 
west  of  the  other  is  radically'diflerent.  The  surface  is  quite  level 
or  gently  rolling  with  rich,  black  gravelly  loam.  The  characteristic 
tree  is  still  the  black  pine,  but  there  are  also  many  small  bur  oaks 
with  aspen,  birch  and  ironwood,  with  small  prairieafand  openings. 
These  openings  have  a  character  peculiar  to  themselves.  As 
throughout  the  west  the  bur  oak  openings  were  considered  choice 
locations  by  the  e^ly  immigrant,  so  here  the  black  pine  openings 
vrith  the  small  prairies  are  the  choice  places,  and  are  fought  for 
by  the  different  factions  of  Homestead  Protection  Societies. 

This  peculiar  tract  of  country  commences  near  the  west  bank  of 
the  Crow  Wing  river  where  it  runs  south  through  towns  139  and 
140,  ft.  83,  and  extends  northwest  to  the  range  of  hills  dividing 
the  head  of  the  Otter  Tail  or  Red  river  from  the  Shell.  The  Shell 
river  forming  its  southern  boundary  it  extends  north  to  a  line  of 
hills  bearing  N.  80*^  W.  and  crossing  the  10th,  standard  parallel  to 
the  north  of  Fishhook  lake. 

Camp  No.  9,   Wednesday,  July  7. 

At  8.30  A.  M.,  4e  arrived  at  a  settlement  known  as  Manters- 
burg  on  section  20,  T.  189,  N.  R.  84  W.  Mr.  Jans  Howard  gives 
the  following  data  concerning  a  well  sunk  by  him — depth  36  feet. 
3  feet  sandy  or  gravelly  loam,  28  feet  sand  and  gravel  followed  by 
quicksand  bearing  water.  Other  wells  reach  the  bowlder  clay  at 
from  33  to  42  feet. 

Camp  No.  10,  Thursday,  July  8. 

Went  by  team  to  Fishhook  lake,  distance  of  9  miles.  Eastward 
from  Fishhook  R.,  is  a  heavy  growth  of  black  and  Norway  pine, 
but  after  crossing  the  river  not  far  from  its  confluence  with  the 
Shell,  and  ascending  a  bluff  66  feet  high,  we  entered  Fishhook 
prairie,  one  of  the  largest  prairies  in  this  belt  of  openings.  The 
shore  of  the  lake  near  camp,  is  sandy  with  a  few  wat«r-worn  peb- 
bles rarely  two  inches  in  diameter.    Among  the  stones  I  noticed 
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<:olored  alate  of  a  schistose  and  sandy  nature,  sandstone,  granite,  a 
lew  quartz  pebbles  and  perhaps  25  per  cent,  of  limestone  pieces. 

The  following  trees  and  ehrubs  were  noted: 

?inui>  bankitiiuia,  Lamb.  Quercus  uiacrocarpa,  Michx. 

P.  resinoaa.  Ait.  y.  bicolor,  Willd. 

P.  atrobus,  L.  (J.  coccineft,  Wang.  var.  tinctoria. 

P.  mitis,  Hii'hi.  Ulmus  americana,  L. 

Fraiinua  americana,  M.  Salix,  3  or  4  apecies. 

F.  sambucifolia.  Lam.  Hibeshirtellum,  Mich*. 

F.  viridia.  R,  mbmm,  L. 

Ostrya  virginicn,  WUld  Atnua  incana,  Willd. 

Prunii!!  pennBylvauicii,  L.  RhuB  toxicodendron.  L. 

P.  aerotina,  Ehr.  K.  typhina,  L. 

P.  virginiajia,  Manh.  Amelancbier  canadensiB,  T.  &  (i. 

Virbumum  lentago.  L.  Zanthoxylum  americanum,  Willd. 

V.  opuluK,  L.  CmtffiguB  cnu-galli,  L. 

Corylus  roatrata,  Ait.  C.  americana,  Walt, 

Betula  papfracea,  Ait.  R.  nigra,  L. 

Populua  tremuloides,  Michx.  PopuluB  balsam jfera,  L. 

Camp  No.  11,  Friday,  July  ft. 

We  loaded  the  canoe  and  crossed  the  lake  to  the  inlet,  which  has 
an  average  width  of  about  four  rods,  and  a  rapid  current,  while  the 
water  is  of  a  whitish  color.  Many  large  bowlders  covered  with  a 
white  incrustation,  obstruct  the  channel.   ' 

The  country  north  of  the  lake  radically  changes  in  character, 
instead  of  a  level  or  gently  rolling  surface,  it  is  a  hilly  and  broken 
region,  many  of  the  hills  are  abrupt  and  100  to  150  feet  high,  the 
hollows  oecasiojially  having  ponds  in  them,  but  generally  having  a 
grassy  or  bushy  bottom,  mostly  of  willow  and  alder.  The  timber 
changes  to  correspond  with  the  surface,  the  diciduous  varieties 
being  in  excess  of  the  pines.  The  conifers  are  principally  Norway 
and  white  pines,  spruce,  balsam  fir,  &c.  About  one  mile  from  Fish- 
hook lake  we  reach  the  "falls."  Here  the  water  passes  over  a 
compact  ledge  of  bowlders  and  in  about  ten  rods  has  a  fall  of  10 
feet,'  necessitating  unloading  the  canoe  to  carry  around.  Both 
above  and  below  the  falls  are  rapids,  so  that  within  forty  or  fifty 
rods  there  is  a  descent  of  18  or  20  feet.  Hight  of  a  hilt  near  the 
falls  on  the  left  bank,  116  feet  by  barometer  measurenent.  The 
rocks  in  the  falls  and  above,  are  thickly  coated  with  the  whitish 
incrustation.  Entering  the  lake  in  T.  141,  of  R.  34  and  3i,  we 
passed  near  ohe  shore,  which  is  thickly  strewn  with  granite  bowl- 
ders, and  camped  on  a  sandy  point  in  section  26,  T.  141,  R.  35. 
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Camp  No.  12.  Saturday,  July  10. 

PassiiLg  up  the  inlet  about  6  rods  we  reaclLed  a  second  lake  and 
after  passing  through  this  we  entered  another  inlet,  and  after 
rowing  80  rods  and  passing  a  rapids,  entered  a  third  lake,  on  the 
north  shore  of  which  is  some  good  pine,  though  the  decidiuous 
trees  are  larger  and  in  greater  variety. 

Rowing  up  the  western  arm  of  the  take  we  landed,  and  guiding 
our  course  by  compsse,  undertook  a  portage  to  a  small  lake  1\ 
miles  to  the  northwest,  camping  in  an  opening  a  little  south  of 
the  lake. 

Camp  No.  13,  Sunday,  July  11. 

Remained  in  camp  all  day.  Blue  berries  and  winterberries  are 
abundant. 

Camp  No.  14,  Monday,  July  12. 

Much  of  the  day  was  consumed  in  portages  and  searching  for 
Indian  trails.  The  country  traversed  today  was  diversified  with 
hills  100  to  150  feet  high,  among  which  were  occasional  pools  of 
water.  The  trees  were  chiefly  of  the  different  varieties  of  pine 
with  dense  undergrowth  of  hazel,  willow,  alder  and  an  occasional 
black  oak  shrub. 

The  soil  is  a  coarse  sandy  loam  with  occasional  boulders. 

Camp  No.  15,  Tuesday,  July  13. 

Making  our  way  through  sereral  small  ponds  and  inlets  with  an 
occasional  "carry"  through  a  dense  growth  of  oaks,  elm,  bass- 
wood,  aspen,  black  haw,  shadberry,  ironwood,  hazel,  etc.,  we  reach- 
ed a  lake  crossed  by  the  line  of  ranges  35  and  36  of  Tp.  143. 

From  the  north  end  of  the  lake  I  was  informed  a  trail  is  to  be 
found  leading  to  Itaska  L.,  but  after  diligent  search,  no  trail  was 
discovered,  and  it  was  deemed  prudent  to  retrace  our  steps  and 
make  the  journey  by  the  wagon  road.  To  the  north  and  north- 
east  is  a  fine  growth  of  pine,  but  to  the  westward  the  land  was 
burnt  over  and  less  thickly  wooded.  The  surface  is  hilly  and 
rocky,  large  boulders  often  covering  the  ground.  Taking  a  «hort 
trip  inland,  found  the  timber  dense,  chiefly  white  and  Norway 
pine  with  aspen  and  a  few  oaks  and  maples,  the  latter  only  a 
shrub,  12  to  18  feet  high,  growing  in  clumps  as  if  from   the 
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atumps  of  old  trees  now  wholly  diaappem^.     The  surface  soil  is 
stony  clay. 

Camp  No  17,  Thursday,  July  15. 

Arrived  at  1^  p.  m.,  at  Camp  No.  10,  and  waited  for  one  of  my 
men  to  secure  a  team  to  transport  our  luggage  to  White  £arth 
Agency. 

Friday,  July  16. 

The  whole  day  consumed  in  waiting  for  the  promised  team,  but 
at  evening  we  engaged  a  team  and  driver  so  as  to  start  to-morrow. 

Camp  No.  18,  Saturday,  July  11. 

Passed  numerous  settler's  cabins.  Uf  several  wells  noted,  the 
following  description  of  one  sunk  by  Mr.  Samuel  Churchill  on 
Sec.  26,  T.  140,  N.  R.  35,  is  typical— IS  ft.,  sandy  loam,  about  4 
in.  sandy  clay,  1  ft.  gravel  and  sand  intenipersed  with  small,  round- 
ed stones,  coarse  sand  to  water  which  was  3  feet  deep.  Passing 
the  eastern  boundary  of  the  White  Earth  Reservation  we  enter  a 
level  country  with  rich,  sandy  loam'  and  no  stones.  The  black 
pine  becomes  less  abundant,  good  size  bar  oak  with  small  aspen 
and  birch  and  an  occasional  Norway  or  white  pine  taking  its 
place.  Five  or  six  miles  further  on  we  entered  a  hilly,  sandy  tract 
covered  by  a  thick  growth  of  small  black  pine,  where  we  camped. 

Camp  No.  19,  Sunday  July  18. 

Reenming  onr  journey  we  ascended  a  hill  higher  than  that  on 
which  we  camped,  and  found  ourselves  upon  a  level  table  land, 
where  the  soil  was  less  sandy  and  supported  an  undergrowth  of 
hazel  and  alder,  while  the  open  spaces  were  gay  with  the  scarlet 
and  yellow  leaves  of  the  painted  cup.  We  there  found  about  two 
miles  of  rolling  ground  where  the  black  pines  almost  wholly  dis- 
appear and  young  dense  growth  of  aapen,  birch,  oak,  ironwood, 
red,  black  and  choke  cherry,  shadberry,  alden  and  willow  with 
some  Norway  pines  supply  their  place.  Soon  afterwards  we  passed 
a  rocky  ridge  with  many  white  pines  among  the  Norway  and 
black  varieties. 
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South  of  the  road  was  a  lake  ia  a  steep  valley  about  75  feet  be- 
low the  road.  Hills  surround  the  lake  on  all  sides  but  the  north- 
west. Descending  these  hills  to  the  west  we  entered  a  rocky  roll- 
ing country  where  the  timber  was  more  of  it  of  the  deciduous  kinds 
with  some  medium  sized  white  and  Norway  pines,  which  increased 
in  size  and  number  till  they  formed  a  fine  grove  of  good  market- 
able pine  timber.  There  were  also  seen  some  sugar  maples  and 
oaks.  As  we  passed  on  west  the  maples  increaned  in  size  and  fre- 
quency while  the  oaks,  birches  and  elms,  many  of  them  reached 
a  large  size.  We  passed  several  lakes,  on  the  shore  of  one  of  which 
and  in  the  road  near  it  many  small  pebbles  of  limestone  wereseea 
quite  half  of  the  pebbles  being  limestone.  This  lake  is  in  a  deep 
valley;  after  passing  it  and  crossing  its  outlet  we  passed  over  a 
high,  rocky  ridge,  where  wei-e  boulders  of  a  large  size,  many  of 
them  being  4  to  6  feet  across  on  the  exposed  top.  These  boulders 
are  mostly  granite.  No  limestone  was  seen.  This  hilly  rocky 
tract  continued  about  five  miles  when  the  pines  gradually  thinned 
out  and  disappeared,  and  large  oaks,  sugar  maples,  birch,  aspen, 
cottonwoods,  balm  of  Gileod,  elm,  ash,  ironwood,  etc.,  formed  a 
splendid  forest.  The  hills  were  twenty  to  forty  above  the  hollows 
where  were  occasional  ponds  or  lakes.  The  soil  is  a  clayey  loam, 
in  the  level  spots,  free  from  stones  and  wet  and  muddy,  but  bould- 
ers nearly  cover  the  surface  on  the  sides  and  tops  of  the  hills.  This 
continues  until  within  one  or  two  miles  of  the  Agency  when  the 
tall  timber  begins  to  thin  out  and  the  most  of  the  trees  are  bur 
oak.  The  hills  are  less  high  and  steep,  the  hollows  covered  with  a 
thick,  tall  growth  of  grass  forming  fine  natural  meadows.  Indian 
farms  were  passed,  and  we  soon  entered  a  well  cultivated  region, 
the  surface  gently  rolling  with  but  a  few  stones;  soil,  a  rich  black 
clayey  loam. 


Camp  No.  20,  Monday,  July  19. 

After  procuring  the  needed  supplies  and  directions  at  the  Agency 
began  our  return  to  the  Junction  of  the  Itasca  road  with  that  up- 
on which  we  had  come.  We  entered  camp  at  the  crossing  of  what 
I  take  to  be  the  principal  branch  of  the  Otter  Tail  B.  The  follow- 
ing is'a  list  of  such  trees  and  scrubs  as  I  have  been  able  to  iden- 
tic during  our  hasty  journey  from  here  to  the  Agency  and  back: 

(JuercuB,  aiba.  FraxinuB  Americana. 

QnercuH  macrocarpti.  Frnzinus  pubescent. 

QuercuB  tinctorea.  Fmiiuui;  viridiH. 
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tjuwcus  bicolor. 
Quercii?  iimbiqua. 
rimuafiilva. 

B*!tiila  papyracea. 
B«tula  nigra. 
Populus  Iremuloides. 
PopuhiR  inonilife™. 
PopuluB  bslfliimifrtra,  var. 
Populus  i-Hnilieans. 
Viburnum  prunifolinm. 
Viburnum  nudum. 
Viburnum  dentatum. 
Viburnum  a(.-erifbliam. 
Viburnum  opulus. 
RubuE  strigosue. 
RubuH  (K^.■i(leIltaU«, 
Rubue  villosnt:. 
RubuM  canadenBis. 
RuliuH  cuneifolius. 
PrunuH  americana. 
Prunu*  pumila. 
PniuuH  pennKylvanit). 
PniniiH  virginiana. 
Prunai  ttevotlna, 
Alniw  int-ana.  ^ 

AInuR  sen-ulatB. 
.^bifts  nigra. 
Abies  alba. 
Vaerinium  pennsylvaniciim. 


Acer  sau^harinum. 
Acer  ilaHyearpum. 
Acer  rubum. 
PinUB  strobas. 
PinuB  reHinosa. 
Larii  americana. 
Ontrya  virginka. 
CarpinUB  umoricana. 
Viburnum  lentago. 
SanibutuB  canailenBi?. 
Lonii-era  grata. 
Lonicera  parviflora. 
DKTvilla  trifida. 
Rosa  lucida. 
Roiw  blanda. 
Crataegns  crufi-galli. 
Amelanchier  oanadenBiB. 
Anipliuichier  var  ainifolia, 
Spiraea  saiici folia. 
Spiraea  tomentwa. 
Dirca  iNiluBtris. 
Salix.  thn?e  or  four  ^iprtcies. 
Corylufl  americana. 
C017IUH  rOHtrata. 
Tiha  aiU'^ncana. 
Khus  glabra. 

2^nthoxy  lumamericanuiu. 
Arcldntaph)  lus  ura-uvsi. 


Otmp  No.  n,  Tne.v/iin.  July  20. 

After  ascending  the  divide  between  the  waters  flowing  east  to 
the  Shell  uni)  Cfott  Wing  riven  imd  those  tlowinf;  west  to  the 
Otter  Tail  we  reached  an  Indian  villa^  consiating  of  temporor; 
huts  and  lodges  where  the  Indians  are  collecting  Senaca  snake- 
root  (Poll/gala  nenega).  Many  hnndred  pounds  of  which  are  stored 
in  the  warehouses  of  the  traders.  This  camp  is  situated  in  Sec.  33 
T.  141,  K.  37,  and  the  black  pine  openings  extend  to  the  west  and 
north  as  far  as  the  eje  can  see. 

We  were  here  informed  by  the  trader  that  no  such  road  as  we 
were  told  of  e.vists  toward  Itasca  but  offered  to  take  our  load  to  a 
lake  about  8  miles  north  of  the  camp  to  which  the  Indians  go  with 
wagon  tn  fish. 

I  have  noticed  the  lead  plant — Amorpka  caneacens  for  the  first 
time  since  leaving  St.  Cloud. 
13 
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Camp  No.  22,  Wednesday,  July  21. 

Started  by  10  a.  m.,  after  crossiog  the  prairie  towards  the  north 
and  disovering  a  valley  about  20  feet  deep,  we  climbed  a  line  of 
hills  bearing  about  N.  80o  W,  and  about  50  feet  above  the  prairie 
level.  The  southern  aspect  is  quite  steep  and  full  of  boulders. 
The  top  is  gently  rolling  sand  with  a  few  boulders  and  timbered 
with  small  black  pine,  which  forms  quite  open  woods  with  under- 
growth of  hazel,  aspen,  willow  etc,  By  1^  p.  m,  we  reached  the 
lake  crossed  by  the  line  between  Towns  ,141  and  142.  section  5 
32,  the  south  end  of  whicli  is  over  9  miles  from  the  nearest  point 
on  Itaska  Lake.  The  outlet  of  [the  lake  is  a  branch  of  Fishhook 
river.  The  bottom  of  the  lake  is  in  many  places  of  the  whiteish 
color  noted  when  crossing  the  firat  lake  north  of  Fishhook  Lake. 
Camped  at  the  north  end  of  the  lake  in  a  tall  dense  growth  of 
sprube,  birch,  aspen,  elm,  basswood  etc.,  with  adense  undergrowth 
of  hazel,  plum,  willow  and  alder.  A  grassy  pond  fenced  in  by 
an  old  beaver  dam  on  which  our  tent  is  pitched,  lies  a  few  rods 
from  the  lake. 

Thvrsd^tij  and  Friday,  July  22  and  23, 

were  spent  in  making  the  portage  from  the  lake  mentioned  above 
to  a  pond  through  which  the  main  branch  of  Fish  Hook  R.  flows, 
in  T.  142,  Sec.  17  and  20.  This  pond  is  in  a  valley  diversified  by 
such  ridges  as  are  known  in  Wisconsin  as  "hog  backs."  Loading 
canoe  a  little  to  the  west  of  the  pond,  in  the  brook,  we  crossed  the 
pond  to  its  outlet,  a  comparatively  large  lagoon-like,  sluggish 
stream  filled  and  overgrown  with  rushes  and  lily  pads,  course 
uearlv  northeast  for  about  |  of  a  mi.,  when  the  brook  takes  a  sud- 
den bend  to  the  south,  cutting  its  way  through  hills  75  feet  high, 
while  the  valley  continues  northeast,  and  a  small  brook  cornea 
from  it,  joining  the  larger  part  at  the  bend.  Here  we  again  pack- 
ed and  carried  to  a  high  pine  ridge  north  of  the  valley. 

Camp  No.  24,  Monday,  July  26. 

The  accidental  destruction  of  part  of  the  stores  and  equipage 
having  necessitated  a  delay  for  repairs  we  were  only  able  to  re- 
sume  our  journey  this  morning,  putting  the  canoe  afloat  in  the 
pond  north  of  the  ridge,  after  crossing  to  the  north  side  of  which 
we  began  the  portage  to  a  lake  in  Sec.  3,  T.  142,  R.  36,  about  two 
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miles  distant.     Our  journey  was  through  dense  woods  of  black  and 
Norway  pine  with  hazel,  alder,  willow  and  aapen  undei^owth. 

Camp  No.  2ft,  Tuesday,  July  27. 

Completing  the  carrj'  over  a  gently  rolling  country,  with  gravelly 
surface  with  now  and  then  a  bowlder  of  granite,  we  ascended  a  rise 
of  about  30  feet  and  descended  about  88  ft.  to  the  shore  of  the 
lake  mentioned.  The  lake  has  several  islands  whose  shores  like  its 
own  are  gravelly.  This  series  of  lakes  is  marked  on  the  old  maps 
as  having  an  outlet  to  the  north  and  thus  flowing  into  L.  Itaska 
being  therefore  the  ultimate  source  of  the  Mississippi.  Crossing 
this  lake  we  encamped  at  the  east  end  of  a  trail  leading  to  a  lake 
due  west  about  30  rods. 

Camp  No.  26,  Wednesday,  July  28. 

We  carried  over  to  the  other  lake,  then  paddled  slowly  near  the 
shore,  soon  coming  to  a  landing  and  tr^l  leading  north;  going  on 
in  search  of  the  outlet  of  these  lakes,  we  passed  several  low  spots 
in  the  hills  surrounding  the  lakes  (20  to  30  feet  high).  Failing  to 
find  an  outlet  we  returned  to  the  place  where  the  trail  leading 
north  was  found.  Here  we  haif  a  carry,  about-  forty  rods,  over  a 
low  hill,  then  a  pond  60  or  70  rods,  then  a  carry  over  another  low 
hill  10  Or  50  rods,  then  a  pond  50  or  60  rods,  dining  among  some 
large  Norway  and  white  pines,  with  oaks,  basswood,  maple  &c.;  af- 
ter dinner  a  carry  of  60  or  70  rods  to  a  pond  crossed  by  the  line  of 
government  survey  between  sees.  27  and  34.  Near  the  north  end 
of  the  pond  60  or  60  rod.s  over  the  floating  bog,  northeast  of  the 
pond,  found  the  usual  marked  trees  at  the  beginning  or  ending  of  a 
carry.  The  trail  was  easily  followed  through  the  swamp,  but  after 
leaving  the  swamp  and  beginning  to  ascend  a  low  hill  we  entered  a 
dense  tall  growth  of  birch,  aspen,  oak,  pine.  &c.,  the  ground  thickly 
strewn  with  the  remains  of  a  large  growth  of  pinea,  many  of  them 
still  pretty  sound,  showing  there  was,  but  a  few  years  ago,  a  large 
pine  forest  here.  To  the  north  about  half  a  mile  was  seen  a  grove 
of  Norway  pines,  still  alive,  through  which  it  seemed  that  it  would 
be  easier  to  cut  our  trail.  We  therefore  went  into  camp.  On  the 
northwest  end,  among  tall  tamaracks  and  the  end  of  the  swamp, 
was  an  old  beaver  dam  on  which  was  growing  a  dense  thicket  of 
alders  and  willows.  In  this  dam  was  an  opening  about  two  feet 
wide,  through  which  was  running  water  about  two  inches  deep.     I 
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followed  tliis  brook  about  twenty  rod^^  down  a  rapid  descent,  with 
numerous  bowldere  where  the  channel  was  choked  with  fallen 
timber,  to  a  mossy  pond,  or  rnther  to  the  mo.iay  bottom  of  a  amall 
pond  uowdry,  which  stoppwl  my  further  progress,  I  conaider  this 
the  largest  feeder  to  Itaska  Lake  worthy  to  l>e  conaiderd  as  the  ut- 
most source  of  the  Mississippi  River.  Our  route  to-day  has  been 
over  a  gently  rolling  country,  with  some  large  pine  trees  end  an 
occasional  oak.  elm,  basswood,  &c.,  many  bowlders  on  the  bills 

('amp  No.  iff,  Wednesday,  July  ^. 

Started  to  make  a  trail  to  Elk  Lake.  Found  the  way  very  brushy 
and  crossed  a  large  swamp,  surface  gently  rolling  until  within 
about  one  quarter  of  a  mile  of  the  lake,  when  we  ascended  a  hiil 
50  or  60  feet  high,  on  the  top  of  which  I  climbed  a  tree  to  view 
the  surrounding  country.  For  many  miles  in  all  directions  but 
the  north  the  surface  was  gently  rolling,  none  of  the  hills  appear- 
ing to  be  more  than  twenty  or  twenty-five  feet  high;  they  were 
chiefly  covered  with  a  young  growth  of  birch,  aspen  and  a  few  oak. 
Towering  above  them  were  seen  the  black  pines,  not  killed  ty 
fires,  and  an  occasional  single  tree  or  small  groves  of  Xorway  pine, 
toweringatill  above  theae.  These  fires  which  so  devastate  and  ut- 
terly ruin  so  many  thousand  acres  of  large  pine  forests  are  said  to 
ba  set  by  the  Indians,  purposely,  and  assisted  to  spread,  to  kill  the 
timber,  and  so  give  better  feeding  ground  for  the  moose  and  deer 
which  abound  in  this  vicinity.  The  swamps  are  covered  by  a  large 
growth  of  tamarack,  spruce  and  balsam  fir.  Saw  several  mountain 
ash,  and  there  were  large  tracts  covered  by  the  juniper,  Jtini/ierus 
snbina,  now  with  ripe  fruit.  Very  few  boulders  were  seen  on  our 
route.  Directly  north  of  the  tree  on  which  I  was  then  was  a  low 
spot  concealed  by  a  grove  of  Norways.  where  was  Elk  Lake  and  to 
the  north  of  this,  Itaska.  By  1  p.  h.  we  had  cut  a  trail  back  to 
camp  and,  after  dinner,  carried  our  first  load  over  to  Elk  Lake, 
where  we  arrived  just  in  time  to  put  up  tent  and  keep  dry  during^ 
a  smart  shower. 

SBRIIIS  2. 

C/ftmp  No.  1,  Friday,  July  30. 

Completing  the  portage,  by  3  p.  u.  we  were  on  Elk  Lake,  steer- 
ing for  Itaska,  about  one  mile  distant,  as  indicated  by  an  open 
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Space  in  the  line  of  tow  hiils.  The  outlet  was  soon  found;  the  wa- 
ter was  low  and  a  few  rods  down  from  Elk  Lake  the  canoe  struiid- 
ed  on  the  pebbly  bottom  of  the  brook;  landiuK  andascendinga  low 
hill  on  the  left.  Itaska  Lake  was  seen  for  the  first  time,  about  forty 
rods  north.  The  hill  or  mound-tike  elevation  is  of  an  oral  shape 
about  twenty  feet  above  the  take,  and  is  near  the  center  of  an  open 
space,  between  Elk  and  Itaska  Lukes,  of  al>out  twenty-five  or  thir- 
ty acres.  Several  pits  on  the  sides  or  top  had  the  appearance  of 
old  cellars  and  probably  indicated  where  houses  once  stood,  but  all 
traces  of  timber  if  any  was  used  in  such  houses  have  disappeared 
and  the  numerous  boles  of  large  oaks  strewn  over  the  ground  indi- 
cates that  there  could  not  have  been  much  cultivation.  Still  many, 
patches  free  from  standing  or  fallen  trees  and  a  thick  mat  of 
grass  or  wild  strawlwrries,  covering  from  one  to  four  or  five  acres 
were  tjuite  evidence  enough  to  show  that  there  were  once  Indian 
gardens  here.  Between  this  open  space  and  the  lake  shore  was  a 
line  of  trees  still  standing.  Carried  over  to  the  lake  about  40  rodd, 
and  embarking  on  the  lake,  pitched  camp  on  a  point  on  the  west 
shore. 

Camp  So  V,  Saturday.  July  H}. 

We  paddled  slowly  along  the  west  shore  o£  the  northeast  arm. 
stopping  occasionallv  to  ilentify  trees.  The  arm  of  the  lake  to- 
wards its  southern  extremity  in  surrounded  by  comparatively  high 
hills,  the  highest  probably  7»  ft.  above  the  lake.  The  western 
shore  is  badly  burned,  with  but  few  pine  trees  standing,  and  the  dense 
new  growth  of  birches  and  ^pens  among  the  fallen  trees  makes 
it  a  very  difficult  tract  to  traverse.  The  eastern  is  much  less  de- 
vastated bf  fire.  There  is  some  good  pine  on  the  sides  of  the  hills 
which,  near  the  southeni  extremity  may  reach  100  ft.  above  the 
lake.  The  shores  of  the  southwestern  arm  are  low,  10 — 15  feet 
high,  and  closely  fringed  with  spruce,  cedar,  balsam  fir  and  tamar- 
ack. Some  boulders  were  seen,  while  the  east  side  of  the  south- 
east arm  is  lined  with  rocks,  and  the  side  hills  quite  covered  with 
fair  sized  white  and  Norway  pine.  At  our  camp  the  soil  is  a 
sandy  or  gravelly  clay.  The  shallows  entirely  round  the  lake  are 
grown  up  vrith  mshes,  reeda,  wild  rice,  lily  and  flag  leaves  to  a 
distance  of  10 — 60  rods  from  shore. 

Camp  No.  3,  Sunday,  Auyust  1. 
Starting  about  8  a.  m.,  we  reached  the  outlet  of  the  lake  where 
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the  Mississippi  first  takes  its  uame,  b;  9^  a.  u.  It  is  here  mi  in- 
significant stream  of  less  width  than  the  len^h  of  my  canoe.  There 
is  a  perceptible  current  and  18  or  20  inches  of  water  with  a  soft 
muddy  bottom  and  shore:  the  banks  are  low  and  level  and  brushy. 
Bordered  with  prairie  country  with  a  few  black  pines.  Continu- 
ing on,  we  soon  came  to  where  the  stream  was  too  shallow  to  float 
the  canoe  and  to  a  width  of  less  than  half  the  length  of  the  canoe, 
in  several  places.  We  had  to  lift  the  canoe  over  sand  bars;  we 
also  had  to  cut  away  several  recently  fallen  trees  that  obstructed 
the  channel.  Numerous  old  cuttings  showed  long  use  of  the  river 
for  boating,  though  no  fresh  cuttings  were  seen.  About  two 
miles  from  the  lake  the  river  enters  a  tamarack  swamp  where 
it  has  a  deep,  broad  and  sluggish  channel,  frequently  nearly 
closed  by  a  large  growth  of  wild  rice  of  which  many  hundred 
bushels  could  be  gathered.  In  many  places  the  banks  were  lined 
with  sweet  flag,  Acorus  calamus,  L.,  and  good  meadows  of  blue 
joint  and  red  top,  Calamagrostis  Canadensis  and  Agrostis  tulgarisy 
With.,  where  thousands  of  tons  of  hay  could  be  made.  This 
swamp  continues  for  about  three  miles,  but  the  river  meandering 
through  it  is  more  than  twice  that  distance.  A  short  distance 
after  leaving  this  swamp  we  came  upon  a  jam  of  drift-wood  which 
proved  to  be  the  head  of  a  falls  or  rapids,  where  the  river  by  a  series 
of  short  leaps  over  compact  ledges  of  boulders,  has  a  descent  of 
about  twelve  feet  in  as  many  rods. 

This  was  a  surprise  as  I  had  the  impression  from  all  the  infor- 
mation I  had,  that  from  the  Falls  of  Pokegama  up  to  Itaaka  Lake, 
there  was  no  obstruction  to  the  free  passage  of  canoes. 

Following  down  the  bank  of  the  river,  I  found  a  series  of  rapids 
over  boulders  for  nearly  half  of  a  mile,  when  the  river  enters  an- 
other swamp  of  tamarack  and  spruce,  but  without  the  usual  mead- 
ow on  the  bank.  The  trees  which  had  fallen  across  the  river  had 
been  cut  away,  proving  its  use,  for  the  passage  of  boats. 

The  country  is  rolling,  the  hills  of  gentle  ascent,  except  the 
bluflls  on  the  river  where  they  are  steep  and,  at  our  camp,  forty-sii 
feet  high  by  barometer  measurement.  The  general  level  Is  about 
that  height  above  the  river,  the  highest  hill  seen  would  not  ex- 
ceed 25  feet  higher.  The  coiintry  is  open,  low  and  brushy,  with  a 
few  clumps  of  Norway  and  black  pine;  boulders  of  granite  are 
quite  plenty  on  the  hill  sides;  the  surface  soil  is  a  gravelly  clay. 
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Camp  No.  4,  Monday,  August  2. 

"Carried"  down  to  the  landing  found  yesterday  and  loaded  canoe. 
We  soon  came  to  fallen  timber  obstructing  the  diannul  and  had  to 
cut  our  way  through  many^'ows  of  drift  wood  in  many  places;  also 
boulders  so  obstructed  the  channel  that  we  had  to  get  out  of  the 
canoe  and  wade,  lifting  over  the  rocks.  In  this  way  we  made  slow 
progress,  and  by  noon,  from  the  appearance  of  the  country  we  had 
not  made  much  more  than  two  miles  northing.  While  cook  was 
getting  dinner  I  went  back  from  theriverabout  halfamile;  found 
the  surface  quite  level.  The  black  pine  timber  was  burned  and  fallen; 
the  new  growth  principally  birch  and  aspen,  and  a  few  black  oaks. 
The  soil  is  a  sandy  or  gravelly  clay.  No  rocks  seen  except  in  the 
river;  the  bluff,  about  20  feet  high.  The  flood  plain  is  twenty  to 
forty  rods  wide;  the  channel  of  the  river  two  to  four  feet  below 
the  flood  plain. 

Soon  after  starting  in  the  p.  k.  the  blufls  increased  in  hight; 
the  river  seems  to  have  cut  its  way  in  a  narrow  gorge,  through 
hills  seventy  to  eighty  feet  high.  Camped  on  a  terrace  oi-  old 
flood  plain  about  fifteen  feet  above  the  present  channel. 

The  timber  on  the  narrow  flood  plain  is  a  tall  growth  of  spruce, 
balsam,  apsen,  balm  of  Oilead,  a  few  oaks,  elms,  and  ash;  on  the 
upland  are  the  usual  burnt  and  fallen  black  pines;  on  the  left  is  a 
tamarack  swamp  about  half  a  mile  from  the  river,  while  on  the 
right  bank  there  is  less  burnt  land  and  some  good  white  and  Nor- 
way pines. 

Camp  No.  5,  Tuesdmj,  Augusts. 

The  stream  was  found  much  obstructed  by  fallen  trees  and  rocks 
until  we  entered  a  narrow  tamarack  swamp  where  the  water  is  deep 
enough  to  float  the  canoe.  The  swamp  soon  widens  to  about  eighty 
or  ninety  rods  with  meadow  near  the  channel  of  the  river.  We  took 
dinner  on  a  point  of  hard  land  projecting  into  the  swamp  from  the 
left,  where  there  was  an  old,  much  used  camping  place  and  a  trail 
leading  to  the  northwest.  This  trail  I  suppose  to  be  the  one  lead- 
ing from  the  Mississippi  to  the  upper  Rice  Lake,  the  outlet  of 
which  ia  Rice  river,  a  feeder  of  the  Red  river  and  about  four  miles 
distant.  The  swamp  was  wide  at  this  point  and  below,  but  in  about 
a  mile  the  bluffs  on  each  side  were  seen  to  be  ten  to  twenty  feet 
high  and  clothed  with  tall  l!Iorway  and  black  pine,  leaving  a  flood- 
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ed  plain  about  60  to  SO  rods  wide.     Tlie  river  has  cut  a  channel  in 
the  soft,  mucky  lx>ttome  from  four  to  six  feet  deep. 

Camj/  No.  6,    iVediiesday,  August  4. 

The  river  enters  a  wide  meadow  and  haa  eut  ita  way  iu  a  very 
crooked  channel  from  four  to  eight  feet  deep.  I  noticed  in  many 
places  below  the  black  mucky  soil,  a  white  clay,  of  which  I  have 
a  sample  marked  No.  1;  it  was  taken  from  a  depth  of  about  6  feet 
below  the  surface  of  the  flood  plain  in  the  river  channel.  The 
outer  blufis  were  about  10  to  12  feet  high,  with  many  groves  of 
tall  Norway  pine  forming  open  woods.  The  soil  a  sandy  loam; 
and  when  the  river  infringes  on  them  shows  a  stratification.  Soon 
a  line  of  hills  appeared  in  the  north,  two  or  three  miles  distant) 
the  river  gradually  approaching  them  and  by  d.30  A.  M.  we  reach- 
ed them.  The  river  has  cut  its  way  in  a  deep  narrow  valley,  the 
bluffs  rising  fifty  to  neventy-five  feet  above  the  river,  which  has  a 
rapid  current  obstructed  with  bowlders.  The  timber  onthebluffi*. 
black  and  Norway,  with  a  few  white  pines  and  bur  oaks.  After 
passing  through  these  hills  about  one  mile,  we  entered  another 
broad  meadow  or  savanna,  through  which  the  river  pieanders  in  a 
verj-  tortuous  way,  prevented  from  reaching  the  outer  blufis  by  a 
tamarack  swamp  of  unknown  width.  Took  dinner  on  a  low  projec- 
tion of  drj-land  in  the  mejidow,  in  section  28,  T.  146,  N.  H.  35, 
W.  ."ith  M.  "From  here  another  line  of  hills  is  seen  north  of  east. 
By  5  P.  M.  came  to  the  first  low  bluff  on  the  right  bank,  in  section 
34.  T.  146.  K.  35;  here  the  almost  boundless  meadow  was  narrow- 
ed; the  bluffs,  twenty  to  twenty-five  feet  high,  lined  the  flood  plain 
to  an  average  width  of  60  to  80  rods.  Camped  on  a  bluff  nearly 
opposite  a  small  brook,  entering  the  Mississippi  from  the  south,  in 
section  36,  T.  146,  R.  35,  A  few  oaks  were  seen  on  some  of  the 
low  points  of  dry  land  projecting  into  the  meadow  through  the 
tamarack,  and  the  river  bank  was  often  lined  with  tall  willows, 
while,  in  other  places,  tall  reed  grass  completely  clased  in  the 
channel. 

Cfimp  No.  7,  Thursday.  August  5. 

Soon  after  starting  we  entered  another  broad  savannah.  This 
continued  until  near  noon,  when  another  range  of  hills  was  enter- 
ed. Took  dinner  on  a  bluff  49  feet  above  the  river,  by  barometer 
measurement— the  highest  seen.     In  passing  these  hills  there  was 
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an  occasional  rapid  with  large  bowlders  in  the  chatinet;  deciduous 
trees  are  more  frequent  and  of  large  growth.  The  Hood  plain  af~ 
ter  paasing  through  a  narrow  valley  of  about  three-fourths  mile, 
again  widened  and  was  bounded  by  bluffs  fifteen  to  twenty 
feet  high.  The  country  ia  gently  rolling  with  open  bushy  plains, 
beariDg  some  small  black  pines.  The  soil  isa  sandy  loam,  the  river 
often  exposes  the  stratified  sand  on  the  banks;  for  about  two  miles 
before  camping  the  fiood  plains  become  narrow — 40,  to  602rod3 
wide — and  in  many  places  are  covered  with  a  thick  growth  of  soft 
maple,  elm,  ash,  oak  and  aspen.  Camped  on  a  bluff  of  a  very  reg- 
ular crescent  shape.  49  feet  high  by  the  barrometer,  section  17, 
T.  146,  R.  33. 

The  country  south  of  camp  is  quite  level  and  free  from  brush, 
while  the  many  fallen  trees,  and  the  tall  stumps  of  many  more 
blackened  by  fire  tell  that  not  very  many  years  ago  there  was  here 
quite  a  dense  forest  of  pines;  I  went  back  to  a  couple  of  rounded 
bills  about  half  a  mile  from  the  river.  From  the  top  of  these  the 
country  for  ten  to  twenty  miles  was  mapped.  To  the  south  and 
west  was  a  gently  rolling  table  land  bounded  on  the  south  by  a 
range  o£  hills  of  fifteen  or  twenty  miles  distant.  To  the  east  and 
north  the  land  seems  to  descend  with  a  gentle  »\ope.  and  is  (juite 
level,  clothed  witli  a  greener  foliage  of  tree.-;  than  seen  since  the 
forests  of  the  Partridge  and  Wing  rivers  were  passed.  To  the 
south  and  east  was  a  deep  valley  in  which  were  seen  two  large 
lakes.  The  soil  is  sandy  with  a  small  young  growth  of  birch, 
aspen,  and  a  few  bur  and  black  oaks,  while  the  black,  red,  sand 
and  choke  cherry  axe  plenty,  and  are  now  loaded  with  ripened 
fruit.  Blackberries,  strawberries,  red  and  black  ra.spberri,es  were 
also  in  abundance. 

Camp  Xo.  S.  Fridaij.  Aitqitst  (i. 

Soon  after  starting  this  morning,  we  passed  the  junction  of  a 
river  nearly  as  large  as  the  Mississippi.  At  their  junction  the 
Mississppi  turns  at  a  right  angle  and  takes  the  course  of  its  tribu- 
tary. At  9.30  A.  M..  we  entered  the  first  lake  through  which  the 
Mississppi  runs  after  leavingjltaska.  The  next  lake,  the  Pa-m»-jig- 
er-mug  of  the  Indians,  and  Cross  lake  of  Nicollet,  is  a  larger  lake, 
and  the  first  one  seen  since  leaving  Fishhook  lake  whose  shore 
has  not  been  grown  over  with  rushes,  reeds  and  wild  rice,  &c.  At 
the  inlet  of  this  lake  there  was  also  an  Indian's  farm  or  garden, 
where  were  com,  potatoes,  pumpkins,  squashes,  &c.;  his  squaw  who 
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came  down  the  lake  aiid  landed  here,  was  the  first  human  heing 
we  had  ^)een  since  the  Indian  left  us  and  canoe  with  his  pony  on 
the  21.st  dav  of  Julv  la.'^t-.  After  crossing  this  lake,  the  river  is  rapid 
and  full  of  rocks,  making  at  the  present  low  water  a  difficult  matter 
to  run  the  c^noe  down  without  striking  rocks.  The  shores  of  the 
river  here  are  nloping,  with  a  flood  plain  little  or  no  wider  than  the 
river  channel:  the  bluffs  are  from  ten  to  thirtv  feet  high.  There 
are  some  bur  and  white  oaks,  with  many  elms,  ash,  balm  of  gilead, 
aspen,  &c.  We  here  passed  a  cedar  swamp  on  the  left  bank.  The 
country  is  quite  level  or  gently  rolling:  the  soil  is  a  gravelly  clay; 
the  sand  bluffs  of  landslide  make,  have  not  been  seen  since  the 
junction  of  the  large  stream  before  mentioned,  and  the  timber  is 
more  of  it  white  and  Norway  pine,  with  many  deciduous  varieties. 
In  the  P.  M.  there  were  fewer  bowlders  seen  in  the  river,  but 
the  water  was  deeper  and  the  current  rapid.  For  about  two  hours 
before  camping,  the  flood  plain  widened  out  and  formed  large 
meadows  with  willow  and  alder.  Camped  at  7.30  P.  M.  on  a  kind 
of  terrace  about  six  feet  above  the  river  as  it  is  at  this  time,  where 
there  are  many  bur  and  white  oaks,  and  some  large  Korway  and 
white  pines. 

Hump  No.  9.  Satiti'dag,  August  7. 

The  river  here  soon  runs  through  the  north  end  of  a  lake.  The 
western  line  of  the  great  Indian  Reservation  of  the  Leech  lake, 
the  Winnebigosi^  and  Mississippi  bands  of  Ghippeways  commences 
here;  and  soon  after  passing  the  lake  we  came  to  an  Indian  village 
of  bark  lodges,  at  the  entrance  of  a  small  lake:  on  the  other  side 
of  which  was  seen  another  Indian  village  while  far  to  the  north 
was  another  still.  The  soil  around  these  lakes  appears  to  be  of  an 
excellent  quality,  producing  corn,  potatoes,  beans,  squashes,  &c.,  in 
good  measure,  considering  the  Indian  mode  of  cultivation.  Beyond 
this  lake  we  crossed  another  that  we  at  first  took  to  be  Cass  lake^ 
but  after  about  two  and  a  half  miles  to  what  we  supposed  to  be  the 
outlet  of  Cass  lake,  we  passed  a  narrow  point,  and  the  broad  sur- 
face of  Ca-w  lake  lay  before  us.  This  is  the  largest  lake  but  one, 
through  which  the  Mississippi  flows  until  it  reaches  Lake  Pepin, 
the  Winnebigosis  being  the  larger.  The  banks  o£  lake  Cass  are 
low;  no  hills  that  I  should  judge  to  be  over  thirty  feet  high,  border 
the  lake;  the  water  was  shallow  for  a  long  distance  from  the  inlet. 
Camped  about  ten  miles  below  the  lake.  The  river  here  is  very 
much  larger  than  above  Cass  lake.    The  bluffe  are  sloping  and 
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bowlders  are  ofteu  seen  on  their  sides.  There  are  some  fair  sized 
oaks,  elms  and  ashes,  many  large  Norway  and  a  few  white  pines. 
The  black  pines  are  less  common,  and  the  shrubs  in  much  greater 
variety.  The  pheenogamous  plants,  and  grasses  are  of  a  ranker 
growth  than  seen  elsewhere  since  leaving  the  black  pine  openings 
and  woods  of  the  White  earth  Reservation. 


(.'amp  Xo.  10,  Sunday,  All ff.  S. 

Starting  the  usual  hour,  we  came  in  sight  of  Wiunibegosis  by  10  a. 
m.  The  flood  plain  widens  out  to  about  i  a  mile  for  near  two 
miles  before  reaching  the  lake.  We  took  an  early  dinner  where 
the  river  comes  to  the  blnfl'for  the  last  time  before  reaching  the 
lake.  Soon  after  entering  the  lake,  we  saw  to  the  northeast 
a  number  of  whit«  specks  on  the  shore;  these  indicated  an  Indian 
village.  Steering  our  course  as  near  as  possible  for  the  outlet 
of  the  lake  and  aided  by  a  stiff  west  wind  we  crossed  the  widest 
part  of  the  lake  by  3  p.  m.,  and  by  i  p.  m.  entered  the  river  at  its 
outlet.  We  found  some  difficulty  in  finding  the  river  in  the 
large  space  filled  and  oversown  by  tall  reed  grass  at  the  foot  of 
the  lake.  On  the  left  hank  near  the  outlet  on  a  spot  of  fiat  or 
bottom  lands,  separated  from  the  river  by  a  marshy  atrip,  fifteen 
or  twenty  rods  wide,  was  an  Indian  village  of  about  a  dozen  bark 
lodges  vrith  two  or  three  log  buildings,  one  of  which  had  the  ap- 
pearance of  being  a  church.  On  the  right  bank  opposite  the  vil- 
lage was  seen  for  the  first  time  since  passing  the  large  tributary 
to  the  Mississippi  on  the  morning  of  the  7th.  one  of  the  sand 
slide  blufis  revealing  stratified  sand,  with  the  boulder  clay  twelve 
or  fifteen  feet  below  the  surface.  The  timber  around  the  lake  as 
seen  from  the  canoe  while  passing  was  the  usual  black  with  many 
white  and  Norway  pines,  mixed  with  which  were  maty  deciduous 
trees.  On  the  northeast  shore  there  was  a  large  tract  of  hard 
woods  which  I  was  desirious  to  explore,  but  as  the  time  and  ex- 
pense have  already  exceeded  my  estimates,  I  did  not  stop.  The  riv- 
er after  passing  the  Indian  village  has  a  wide  bottom  or  flood 
plain  on  which  is  a  tall  and  dense  growth  of  reed  grass,  and  the 
channel  divides,  forming  many  islands  on  which  is  seen  nothing 
growing  but  that  grass.  The  outer  blufis  are  sloping,  aiid  many 
boulders  were  seen  on  their  sides,  while  the  oaks  and  other  decid- 
uous trees  are  of  larger  growth  than  seen  above  Lake  Winnibego- 
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Camp  No.  11,  Monday.  Aug.  U. 

The  river  below  our  camp  of  laat  night,  for  three  or  four  lailes 
meanders  among  tall  reed  grass,  the  bluils  about  half  a  mile  apart: 
then  the  flood  plain  contracts  to  60  or  80  rods  wide  with  boulders 
on  the  sloping  bluffs  and  in  the  channel.  The  flood  plain  again 
widens  to  one  half  or  three  miles,  and  the  river  winds  from  side 
to  side  through  the  tall  reed  grass.  The  channel  is  full  and  orer- 
flowing.  At  the  junction  of  the  Leech-lake  river,  the  Mississippi 
turns  at  a  nearly  right  angle  and  takes  the  course  of  its  tributary. 
The  timber  after  the  Leech-lake  river  joins,  consists  more  largely 
of  the  hard  woods;  birch,  oaks  and  aspens  prevailing.  Camped  on  a 
bluff  about  30  feet  high.  From  the  top  of  the  bluff  is  seen  to  the 
north  and  northeast  the  low  lands  surrounding  Ball  Club  Lake,  a 
tamarack  swamp  concealing  the  lake  from  view,  while  to  the  east 
and  southeast  stretches  a  large  marshy  meadow  of  many  miles  in 
extent,  over  which  a  line  of  hills,  blue  in  the  distance,  indicates 
the  hilly  re^on  in  which  is  situated  Deer  and  Bass  lakes,  where  is 
said  to  be  many  millions  of  feet  of  peculiarly  fine  white  pine.  Far  to 
the  north  of  our  Ball  Club  Lake  the  low  land»  extend  to  Bow- 
string Lake  through  which  the  Big  Fork  river  runs  in  its  course 
north  to  the  Rainy  Lake  and  River.  Mr.  J.  P.  Hinchelwood,  a 
former  U.  S.  Deputy  Surveyor  iuforms  me  that  from  a  point  near 
the  southern  most  part  of  the  latter  lake,  there  is  low  ground  ex- 
tending south,  where  during  high  water  there  is  a  water  connec- 
tion mth  a  river  that  runs  west  and  north  entering  Lake  Winni- 
begOflis  at  its  northern  extremity. 

Canq)  No.  J2,  Tuesday,  Aug.  10. 

Soon  after  starting  we  entered  the  great  morass  and  meadow  on 
the  north  and  west  of  White  Oak  point;  passed  the  point  at  10 
a.  m.,  stopping  a  few  minutes  to  examine  the  surface  and  timber. 
There  was  here,  a  few  years  ago,  a  prosperous  Indian  settlement. 

When  Jas.  Whitehead  was  the  Indian  Agent  he  had  his  resi- 
dence here.  Leaving  the  savanna  about  12^  p.  m.,  found  the  first 
accessible  landing  on  hard  ground,  except  at  the  White  Oak 
point,  since  leaving  the  camp  in  the  morning.  Hundreds  of  tons 
of  hay  are  now  being  put  up  by  the  Indians  and  half  bloods,  for 
lumbermen.  Took  dinner  at  an  old  log  landing,  where  I  gathered 
a  rich  harvest  of  specimens.  There  were  more  deciduous  trees 
and  of  a  thrifty  growth  than  seen  at  any  place  on  the  river  hith- 
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erto.  At  4  p.  m.  passed  a  lumberman's  camp  and  fai-m,  where  was 
a  white  man  seen  for  the  first  time  since  leaving  the  trader's  camp 
in  the  southeast  comer  of  the  White  Earth  reservation. 

The  banks  of  the  river  passed  after  dinner  were  of  an  average  of 
80  or  100  rods  apart.  In  some  places  the  flood  plain  widens  to 
half  a  mile  or  a  little  more.  Only  in  two  or  three  places  during 
the  day  were  boulders  visible  in  the  river  channel  or  on  the  bluifs. 
The  bluffs  were  mostly  low,  six  to  fifteen  or  twenty  feet  high, 
clothed  with  live  thrifty  trees,  the  principal  kinds  being  white  and 
Norway  pines,  birch,  aspen,  white  and  burr  oaks  and  a  few  black 
oaks,  most  of  the  timber  being  a  new  growth  of  fifty  to  seventy- 
five  years. 

Otnip  Xo.  13,  WedntxUay,  August  IJ. 

Arrived  at  Pokegama  Falls  at  10^  p.  h.  taking  notes,  collecting, 
&c.  Not  having  an  instrument  with  which  to  measure  the  width 
of  the  river  or  accurately  take  the  levels,  contented  myself  per 
force  with  barometric  hights.  According  to  them  the  de- 
scent from  the  upper  to  the  lower  landing  was  31  feet.  On  the 
right  bank  about  80  rods  above  the  place  where  the  rapids  com- 
mences, sandstone  in  situ  is  seen.  It  is  coarse,  friable  and  of  a 
reddish  cast.  The  dip  appears  to  be  about  20'  S.  Ta^  E.,  and 
where  the  chute  i»  most  perpendicular,  appears  to  have  been  eroded 
so  as  to  allow  the  harder  rock  immediately  superimposed  to  sink 
at  a  crack  or  fault,  crostiing  the  channel  at  nearly  right  angle, 
forming  tlie  smoother  apron-like  chute,  where  the  fall  is  steepest. 
At  its  lower  end  it  is  broken  and  loose,  where  the  water  meeting 
with  the  obstruction  rises  in  waves  three  or  four  feet,  and  then 
rushes  in  a  boiling  current  over  the  loose  rocks  broken  from  the 
strata. 

The  pen  and  ink  sketch  in  plan  and  section  will  convey  a  toler- 
ably correct  idea  of  the  Falls  and  the  strata  of  which  the  rock  is 
composed.  The  numbers  corresponding  with  the  same  on  the 
paper,  in  which  the  specimen  is  enclosed.  (Plate  1,  Fig.  2.) 

In  about  half  an  hour,  paddling  down  the  stream,  we  arrived  at 
Grand  Rapids,  the  head  of  steamboat  navigation  above  Aitken  on 
the  Xorthem  Pacific  Railroad. 

Above  Pokegama  Falls,  steamboats  could  readily  run  to  a  point 
some  miles  above  Lake  Winnibegosis,  also  up  Leech  Lake  River 
to  Leech  Lake  agency.  Indeed,  in  1876,  when  Mr.  J.  K  Baasett 
was  Chippeway   Agent  he  built  a  small   steamboat  on  Leech 
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Lake  and  used  it  to  transport  supplies  to  points  abore  Pokegama 
Falls.  Steamboats  were  run  from'  Aitkin  to  this  place,  making 
trips  as  often  as  a  load  is  obtainable,  the  lumbermen  bebg  the 
principal  freighters.  The  bluff  here  is  above  fifteen  feet  above  the 
river.  The  first  bench  or  terrace,  on  which  is  built  the  store  and 
most  of  the  buildings  is  rocky,  while  back  about  twelve  or  four- 
teen rods,  the  land  rises  perhaps  twelve  or  fifteen  feet  higher  with 
fewer  boulders.  The  soil  is  a  clayey,  sandy  loam.  The  timber  is 
principally  pine,  of  that  species  or  variety  which  I  have  often  men- 
tioned as  P.  mitis,  the  ^Northern  pitch  pine."  The  oldest  and  most 
experienced  lumbermen  note  the  difference  between  this  and  P.  re- 
sinosa;  one  is  called  bj  them  Hard  Norway,  the  other  the  Red- 
barked  Norway. 


Camp  No.  14,  Thursday,  August  lU. 

Spent  all  of  the  forenoon  collecting  and  mailing  such  conifen> 
found  in  the  vicinity  not  yet  sent  to  professor  Sargent,  Then  in 
the  p.  H.  ran  down  to  the  mouth  of  Prairie  River  and  up  that  to 
the  first  fall  or  rapid  in  Town  56.  N.  R.  25.  W.  4th  Mer.  In 
ascending  this  river  after  leaving  the  Mississippi,  the  current  is 
slow  and  the  water  deep,  the  channel  taking  a  wide  bend  to  the 
west  then  sweeps  around  to  the  east.  On  the  present  point  formed 
by  this  bend  there  are  some  white  and  bur  oaks,  ash,  elms,  aspen, 
etc.  Just  at  the  base  of  this  point  the  river  has  a  north  and  south 
course,  and  a  rapid  over  a  boulder  clay  exposure.  These  rapids  ex- 
tend up  stream  about  half  a  mile,  when  the  river  expands  in  a 
broad  lake-like  channel  with  wide  borders  of  wild  rice.  For  about 
four  miles  to  near  the  foot  of  the  lower  falls'  the  banks  are  low 
and  bordered  by  cedar,  aapen,  balm  of  Gilead,  oaks,  pines,  etc.  Aii 
we  approach  the  rapids  below  the  falls  the  lake-like  channel  has 
many  boulders  and  two  or  three  small  islands  on  which  is  some 
grass  and  shrubs.  Owen  in  the  description  of  Pokegama  falls  in 
his  report  of  the  geological  survey  of  Wisconsin,  Minnesota  and 
Iowa,  says  that  the  continuation  of  the  ridge  which  forms  these 
falls,  to  the  northeast  constitutes  the  divide  of  the  waters  flowing 
north  to  Uaioy  Lake  from  the  waters  running  south  to  the  Mississ- 
ippi and  St.  Louis.  It  appears  that  neither  he  nor  his  assist^nt-s 
were  aware  of  the  existence  of  these  falls  of  Prairie  river.  The 
exposure  of  this  rock  which  occasions  the  Pokegama  falls  appears 
to  me  to  be  a  part  of  the  same  ridge  forming  the  two  falls  of  Prai- 
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lie  river.  The  rock  exposure  forming  the  upper  falls,  I  have 
traced  in  a  northeast  direction  over  one  mile,  the  upper  falls  and 
the  lake  between  it  and  the  lower  fall  being  the  result  of  igneous 
forces.  The  sketch  of  the  two  falls  and  lake  between  them  is 
copied  from  one  made  by  me  from  actual  survev  in  August  1869. 
(Plate  II,  Pig.  1.) 

These  exposures  of  rock  have  been  greatly  disturbed  and  so  altered 
by  igneous  forces  that  their  dip  is  very  difficult  to  determine.  The  on- 
ly point  where  the  dip  is  apparent  is  at  the  lower  fall  near  the  point 
marked  3  on  the  plot,  where  the  water  glides  over  the  smooth  sur- 
face at  an  angle  of  about  35°  toward  the  south  for  about  six  rods; 
near  the  foot  of  this  slope  was  taken  ^o.  102  from  the  top. 
which,  during  high  water  is  beneath  the  surface.  The  surface  of 
the  water  in  the  upper  lake  above  the  rapids  is  about  10  feet  higher 
than  the  lower  lake.  The  lower  lake  is  about  IS  feet  above  the 
surface  of  the  water  in  the  river  below  the  rapids  at  the  landing  at 
the  beginning  of  the  carry,  making  a  total  fall  of  some  twenty- 
five  feet.  The  trail  from  the  landing  to  the  lower  lake  is  full  of 
loose  roek  of  altered — metamorphosed — sand  stone.  Specimen 
No.  was  from  near  the  middle  of  the  carrv  where  the  surface 
of  the  roek  in  situ  was  exposed;  it  was  about  8  feet  above  the  water 
in  the  lower  lake.  Near  the  foot  of  the  lower  fall  there  is  a  seam 
or  vein  of  ironstone,  Nos.  112, 113  and  114.  The  course  of  the  vein 
is  about  N.  40°  E.  S,  40"  W.  and  where  exposed  in  the  channel  of 
the  river  lies  nearly  horizontal,  while  the  dip  of  the  rock  is  about 
15°  S.  W.  At  about  the  middle  of  the  channel  where  the  ironstone 
is  the  most  plainly  revealed  there  seems  to  be  a  fault,  over  the 
edge  of  which  the  water  has  a  perpendicular  fall  of  about  18  inches 
while  the  containing  rock  retains  its  dip  of  about  15°;  but  both 
^oon  after  disappear  beneath  loose  boulders  to  again  reappear  on 
the  left  bank  a  little  below  the  landing.  The  width,  (10  ft.,)  of  this 
vein  of  iron  is  quite  uniform  as  far  as  it  is  traceable.  In  the 
drift  on  the  right  bank  some  parties  in  prospecting  have  dug  pits 
in  a  course  in  -which  this  vein  if  extended  would  be  found ;  the  pits 
are  5  or  6  feet  deep,  from  the  bottom  of  which  a  specimen  was 
taken. 

At  the  upper  fall  the  rock  has  been  aubject  to  a  more  energetic 
diaturbance  and  is  broken  and  dislocated  in  all  directions  so  that 
the  dip  or  course  of  any  particular  seam  is  difficult  to  determine. 
Many  of  these  cracks  are  filled  with  a  quartzyte  comglomerate 
(^oe.  109  and  110.)  At  one  point  I  thought  that  I  saw  an  injection  of 
trap   when  surveying  in  1869,  but  after  diligent  search  at  this  time 
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failed  to  fiiid  it.  I  might  have  beeu  miataken  then  but  my  im- 
prefitiion  is  that  such  a  seain  of  trap  was  seen  and  specimens  taken. 
The  river  here  is  eoutratted  to  u  width  of  18  or  20  feet,  between 
perpendicular  walls  of  rock  15  or  20  feet  high.  To  the  east  of  the 
river  and  "carry"  the  rock  rises  to  a  hight  ot  about  50  feet  above 
the  surface  of  the  water  in  the  lower  lake,  and  the  ridge  continues 
in  a  northeaaterly  direction,  with  frequent  out-crops  of  the  rock 
above  the  drift  and  soil  covering  it  and  then  sinks  beneath  the 
swamp  in  section  26.  Friday  and  Satuixlay  were  employed  in  col- 
lecting samples  in  the  vicinity  ofthe  falls  and  lakes. 

f'«»i/>  No.  lr>,  Sunday,  Aufiust  15, 

Started  from  Prairie  river  falls  at  9:30  a.  m.  After  entering  the 
Mississippi,  frequently  landed  on  the  points  formed  by  the  bends 
of  the  river  in  meandering  through  the  wide  flood-plain  which  are 
densely  covered  by  a  large  growth  of  hard  woods.  On  one  of  these 
points  in  town  54,  N.  R.  24  W.  was  rewarded  in  my  search  by 
finding  a  single  tree  of  hack  berry,  Celfis  Mississippiensis,  Bose 
or  C.  integrifolia  Nutt,;  being  without  fruit  could  not  decide 
which  variety. 

This  is  the  most  northerly  point  where  I  have  seen  this  species. 
Mr.  J.  P.  Hinchellwood  tells  me  that  when  he  was  U.  S.  Deputy 
Surveyor,  surveying  T.  149,  N.  R.  26,  W.  5th  Mer.,  he  saw  several 
of  the  trees  on  the  flood  plains  of  the  Big  Fork,  a  tributary  to 
Rainy  Lake.  Camped  on  a  bluff  6o  feet  high  by  barometer  meas- 
urement. The  country  west  is  a  gently  rolling,  open  brushy  tract. 
About  half  a  mile  west  is  seen  the  remains  of  a  large  growth  of 
pine  in  the  shape  of  tall  blackened  trunks  with  a  few  live  trees. 
The  new  growth  is  principally  birch  and  aspen,  a  few  oaks,  with 
cherry,  willow,  alder,  hazel,  etc.  Very  little  of  it  exceeiis  ten  feet 
in  hight  while  fenis  and  blueberries  dispute  for  room  with  the 
grasses.  The  following  rough  sketch  will  give  an  idea  of  the  form- 
ations as  seen  on  the  steep  bluft'  revealed  by  land  slides.  (Plate  IT. 
Pig.  3). 

Vamp  So.  Hi,  Monday,  Augmt  16. 

A  dense  growth  of  young  aspen,  birch,  alder  and  willow  sur- 
rounds our  camp,  which  is  on  a  kind  of  a  terrace,  the  bluff  in  about 
eight  rods  rising  about  15  feet.  On  our  way  to-day  we  saw  bluflb 
from  thirty  to  sixty  feet  high  where  the  stratification   was  well 
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shown  which  Aid  not  vary  mueh  from  the  sketch  and  deacription 
fpyen  above.  In  one  place  where  the  river  swept  around  itt  a  very 
regular  curve  of  nearly  half  a  mile  periphyry  and  quite  or  more^ 
than  a  semi-circle,  the  bluff  was  about  thirty-five  feet  high,  and' 
when  new  the  middle  of  the  curve  there  appeared  above  the  water 
a  bed  of  very  compact  clay,  which  had  a  dip  up  stream,  the  top- 
most layer  continually  rising  above  the  water  and  appearing  like  a 
wall  of  irregular  sized  brick  in  regular  courses,  the  courses  being 
very  regular.  This  layer  seemed  to  end  on  the  blutf  ascending  to 
a  kind  of  terrace  above  the  flood-plain,  the  second  bluff  also  ter- 
minating some  of  the  upper  courses.     {Plate  II,  Fig.  3). 

The  rough  sketch  will  convey  to  the  mind  an  idea  of  the  ap- 
pearance better  than  any  description.  The  courses  as  represented 
twe  too  thick  and  the  dip  too  greut;  otherwise  it  is  nearly  as  it  ap- 
pears from  the  river.  The  timber  (m  the  higher  bluff  is  principally 
black  and  Norway  pine  and  on  the  flood  plain  soft  maple,  oak,  aah, 
elm,  aapeu,  and  willow,  of  which  last  I  saw  some  large  specimens. 
I  also  saw  butternuts,  the  first  seen  on  this  trip. 

Camit  No.  11.  Tiiesiiny,  Atif/mf  17. 

Began  our  journey  at  "J  a.  m.  The  river  is  very  crooked.  The 
timber  on  the  flood  plain  increases  in  size  as  we  descend  the  river. 
Passed  the  mouth  of  Swan  river  at  4  p.  h.  There  has  been  asteam 
mill  in  operation  here  since  I  passed  here  the  last  time,  but  it  has 
been  removed  with  all  the  machinery,  and  no  residents  are  here  now. 
Camped  on  a  bluff  perhaps  fifty  feet  above  the  river.  There  was 
a  crew  of  hay  makers  camped  there  in  charge  of  Mr.  Libby,  from 
whom  I  received  much  valuable  information  as  to  the  standing 
timber  in  the  vicinity.  The  soil  on  the  left  or  west  bank  of  the 
river  is  more  clayey  and  boulders  come  to  the  surface.  Cedar, 
spruce,  balsam-fir,  etc.,  are  seen  in  dense  woods,  and  crews 
of  Indians  and  half-bloods  are  at  work  getting  out  cedar  t«legraph 
poles. 

Camp  -Vo.  If*,  Wednesday,  August  18. 

The  timber  on  the  flood  plain  continues  to  increase  in  size;  saw 
many  large  old  oaks,  ash,  elm  and  aspens,  many  four  to  fire  feet  in 
diameter.     The  yellow  birch  aud  soft  maples  are  many  of  them 
three  to  four  feet  in  diameter. 
14 
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Camp  Xo.  19,  Thursday,  August  HI. 

Passed  the  mouth  of  Sandy  river  at  8J  a.  h.  Landed  to  take  a 
look  at  the  place  famous  in  the  history  of  the  early  explorers  and 
voyaftera.  Nieolet, .  Schoolcraft,  Owen,  Pike  and  other  scientiiic 
explorers  of  the  upper  Mississippi  in  the  past  one  or  two  hundred 
years  have  made  this  one  of  the  noted  places.  Here  is  where  they 
came  to  or  left  the  Mississippi  on  their  way  to  or  from  Lake  Su- 
perior. 

The  trail  from  the  West  Savanna,  a  branch  of  the  Prairie  river, 
which  at  last  flows  into  Sandy  Lake,  to  the  East  f^avanna,  a  tribu- 
tary to  the  St.  Louis  river,  had  been  used  from  the  time  tradition 
tells  not  of.  A  lon«  narrow  ridge  in  a  northerly  and  southerly 
direction  separates  the  Mississippi  flood  plain  from  that  of  the 
Sandy,  and  for^several  rods  above  its  southerly  end  both  rivers  wash 
the  base  of  the  ridge.  The  Mississippi,  where  the  Sandy  joins  it 
takes  abend— as  in  many  other  places  noticed— and  follows  the  coarse 
the  Sandy  where  their  waters  mingle.  The  ridge  is  quite  regular 
in  ouHine,^  about  fifteen  feet  above  the  Mississippi  and  sixty  or 
eighty  rods  long,  as  the  north  of  it  expands  and  rises  perhaps  fif- 
teen feet  higher;  and  on  the  southerly  declivity  are  a  number  of 
Indian  graves.  The  spot  has  probably  been  used  as  a  burial  place 
for  centuries.  On  the  ridge  are  many  pits  which  were  once  cellars 
under  timber  houses,  but  now  there  is  not  a  house  on  the  ridge, 
and  only  a  pit  and  one  or  two  half-cut-up  logs  indicate  where  in 
1864-68  Mr.  Libby  had  his  house  and  store. 

A  few  granite  boulders  are  seen  on  the  ridge  and  where  the 
Mississippi  washes  the  base  of  the  bluflT  are  pebbles  of  granite, 
quartz,  slatestone,  etc.,  forming  a  shingle  beach. 

This  region  had  long  been  in  dispute  for  possession  by  the  Sioux 
and  Chippeways.  Schoolcraft  tells  of  sanguinary  battles  between 
them  and  how  the  fierce  Chippeway  warriors  of  the  north  finally 
drove  the  Sioux  from  this  favored  region  and  took  possession; 
retained  it  until  the  pale-face  subdued  them  and  finally  purchased 
of  them  the  graves  of  their  ancestors  as  well  as  the  rich  pine 
forests. 

About  two  miles  below  the  mouth  of  Sandy  river  there  is  ashori; 
rapid  where  the  water  breaks  over  large  boulders  and  the  shore  is 
rocky. 

We  camped  on  one  of  the  few  sandy  blufis  to  be  found  between 
the  Sandy  river  and  Pine  BlufF  below  Aitken. 
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Camp  No.  20,  Friday,  Aug.  20. 

This  morning  we  felled  an  oak.  QuercuH  bkolor,  WiUd.  Pin  oak. 
or  swamp  white  oak,  by  both  the  common  names,  I  have  heard  it 
called.  This  kind  of  oak  is  common  on  the  flood  plains  of  the 
Mississippi  above  Crow  Wing,  and  flourishes  as  far  north  as  Lake 
Winnibegosis  also  in  the  woods  of  Benton,  MilleLaca  and  Morrison 
counties.  Passed  the  mouth  of  Willow  river  at  3  p.  m.  About 
two  miles  below  the  mouth  of  Willow  river  by  section  lines,  but 
three  times  that  distance  by  the  meanderinga  of  the  Mississippi, 
there  ia  the  worst  rapids  to  be  found  between  Pine  Bluff  below 
Aitken.  and  Grand  Rapids  about  four  miles  below  the  Falls  of 
Fokegama.  Camped  on  the  highest  bluff  to  be  found  for  many 
miles,  in  Sec.  28.  T.  48.  R.  26. 

Camp  No.  21,  Saturday,  Aug.  21. 

Did  not  get  started  until  past  8  a.  m.,  when  after  a  hard  pull,  at 
12J  p.  m.,  we  entered  Mud  river.  After  dinner  I  went  up  to  Ait- 
kin station,  about  one  mile  from  the  Mississippi,  where  the  North- 
em  Pacific  crosses  Mud  River.  This  is  now  quite  a  village. 
Made  such  arrangements  as  relieved  me  of  the  necessity  of  con- 
tinuing the  journey  in  the  canoe  to  Braiuerd. 

Here  ends  one  of  the  most  instructive  and  interesting  canoe 
journeys  of  the  many  that  I  have  heretofore  made  in  the  interest 
of  pind  land  owners  or  as  TJ.  S.  Deputy  Surveyor  surveying  public 
lands.  In  the  following  pages  I  will  give  a  list  of  all  the  forest 
trees  and  shrubs  that  I  have  been  able  to  identify  in  the  region 
traversed.  A  map  of  the  country  also  accompanies  the  pa^ 
per  on  which  I  have  endeavored  to  mark  the  limits  where  some 
of  the  most  important  trees  form  the  characteristic  forests. 

I  wish  here  to  record  my  obligations  to  Mr.  Thos.  C.  McClure  of 
this  city  St,  Cloud  for  his  pecuniary  assistance  without  which  the 
journey  would  not  have  been  made.  Also  to  Mr.  Geo.  A.  Morrison  of 
White  Earth,  Mr.  Wakefield  of  Grand  Rapids,  and  Mr.  C.  H. 
Douglass  of  Aitkin,  all  these  gentlemen  having  assisted  to  the  full 
extent  of  my  needs  in  the  prosecution  of  the  work. 

The  following  is  a  list  of  the  forest  trees  identified  in  the  region 
traversed: 

T\Uace(r. 
1.    Illia  americana,  L,  Baatwood,  abandant 14 
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Rulaeeir. 

2.  Zanthoijlom  Hmerkanum,  Mill,  Prickly  Aeli OO 

Sapintlaeeo'. 

3.  Acer  duay  carpum,  Ehrh,  Silver  maple 47 

4.  Acer  pennsylvanicum,  L.,  Striped  maple 50 

5.  Acer  ruhnini,  L.,  Red  maple 51 

6.  Acer  Bacchorinum,  Wang',  Sugar  maple 52 

7.  Acer  nigrum,  Michx,  SugSir  maple 00 

8.  Negundo  aceroidea,  Torr  &  Gray,  Box  Elder 53 

9.  Rhaa  typhina,  L,  Staghom  Sumach 56 

10.  Rhus  glabra,  L,  Smooth  Sumacb 00 

21.  Rhus  venenata.  0.  C.  Poison  Sumach.   00 

Hoaarew. 

12.  Pninus  americana.  Mamhall,  Wild  Plum 7ft 

13.  PrenuB  pennBylvanicft.  L.,  Wild  red  Cherrj 80 

U.    Pninus  serotina,  Ehrh..  Wild  black  Cherrj- 81 

15.  "      Tjrginiana,  L..  Choke  Cherry 00 

16.  Pyrus  aambueifolia,  Chem  ft  Schlect,  Mountain  ash 8ft 

17.  CratffpiB  eoccinea,  L.  Scarlet  fruit  Thorn M 

18.  ■'         cnis-galli,  L-  Cock-spur  Thorr 96 

19.  •■         tomentosa,  L.,  Pear  Thorn 102 

20.  Amelanchier  canadensia.  Torr  &  Gray,  Juneberrj- 106 

21.  Cornnafloridn,  L.,  Flowery  Dogwocxl 115 

Capri/oliaeeai. 

22.  SambucuB  glauca,  Nutt.  Elder 122 

23.  Virbumum  lentago,  L,,  Sheepberrj 128 

24.  Vibumum  pmnifolia,  L.  Black  Haw 19* 

25.  "         opulus,  L.,  Highbush  Cranberrj" 00 

26.  "         nudum,  L.,  White-rod 00 

27.  ■'  dentntoni.  I...  Arrow-wood 00 

Thsmeltaetx. 

28.  Dirca  p^nstris,  L..  Moose  wood,  leather  wood 00 

Oleaeta. 

29.  FraiinuEBmericana,  L.,  WhiteAsh * 148 
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30.  "         gambocifolia.  Lam,.  Black  Aah 155 

31.  "       quadraupila^  Hichz,  Blue  Ash 156 

32.  '■         viridis,  Michx 157 

Uiiirareir. 

m.     Clmux  alata.  Michx,  Small  leaved  Elm(  'i-) 176 

34.  '■        ameiicaaa.  Willd,  White  Elm 177 

35.  '■        fulva.  Michx,  Slippery  Elm 179 

36.  ■■        racemoBft.  Thoma,B,  Rock  Elm 130 

:?7.    Celtis  occidentrtliB,  L.,  Hackberry 1^ 

Jufltandoceif. 

38.  Juglam  cinem,  L.,  Butternut I8-i 

39.  Carya  amiira.  Nutt,  BiUemut 199 

Cujutiifera: 

40.  giiereus  alba.  L.,  White  Oak 501 

41.  '■  bicolor,  Willd.  Pin  Oak J09 

42.  ■■  coccinea.  Wang,  Scarlet  Oak J13 

43.  ''  macrocarpa,  Michx,  Butt  Oak . .   227 

44?  '■  paluatriB{V),  Du.  Roi,  PinOak im 

45.  rubra.  L..  Red  Oak '.'in 

46.  •■        tinctoria,  Burtium,  Biadi  Oak "236 

47.  OxtiTa  Tirginica.  Willd,  Hop  hom  beam,  [rODWOod '.'44 

48.  Carpinu*  earoliniana,  Walt,  Blue  Beech 245 

Beliilare(f. 

49.  Betulftalba,L.(?)  White  Birch M 

50.  ■•      lutea.  -Michx,  f.  VeUow  Birtii i48 

51.  "     papjraoea.  Ait,  Canoe  Birch .  .ISl 

52.  Ainu* iireana.  Willd.  Black  Alder i59 

^  5:{,        "      nerrulata.  Ait,  Smooth  Aler (W 

Salirarrir. 

54-60.    Sahx,  six  or  seTen  species. 

<1.    FopulaabalBamifera,  L.,  BtOmofOilead 263 

62.  "      canadensis.  Ait. 00 

«3.  "     grandidentata,  Mkhi -J65 

64.  '■      monilifera.  Ait . .  .267 

65.  '■       tretnuloideti,  Michx 268 


Conifer. 
66.     JuniperuB  virginiana.  Red  Cedar 


byGoo'^lc 


'204 


ANSUAL    RBPORT. 


67.  ]Chain»cypariB  spheroidea,  Spach.  White  Cedii-V ..283 

68.  Thiyaoccidentalis.L.,  White  Cedar 285 

69.  Abies  lialsamifera.  Marshall,  Balsam  Fir 290 

70.  Pieea  alba,  Link,  White  Spruce 302 

71.  ■■     nigrv.  Link,  black  Cpruec.  304 

72.  Larix  amerieana.  Michi,  Tamamek  307 

73.  Pinus  Iwuikeiana,  Lamb,  Black  Pin-       .913 

74.  '■     mitis,  Michx,  Hard  Norway 324 

75.  "     veBinosa  Ait,  Bed-barked  No^wa^ 330 

76.  ■■     KtrobuB,  L.,  Whitf  Pine 335 

The  following  1  have  heard  of,  an  growing  near  Pokegama  lake,  hut  1  have 

not  aeen  the  trees. 

77.  Abies  canadenrig.  Hemlock , 299 

78.  Pynia  coronaria,  L.  Crab  Apple »7 

The  figures  on  the  right  of  the  names  are  the  numbera  in  Prof.  Sai^nt's 

pamphlet  of  the  forest  trees  of  North  America. 

The  Forest  Dlfltrlbutlon. 

In  the  accompanying  map  of  the  upper  Msssisaippi  country,  I 
have  endeavored  to  show  the  region  where  there  is  a  decided  prev- 
alence of  one  particular  tree  characteristic  of  the  tract.  The 
dotted  line  will  very  nearly  represent  the  southern  aod  western 
limits  of  the  tract  where  the  white  pine,  Pintts  sfrobus,  is  the  char- 
acteristic tree.  It  is  from  the  region  north  and  east  of  this  line  that 
the  largest  quantity  of  pine  lumber  manufactured  in  Minnesota  at 
and  above  Minneapolis,  comes,  BesideB  this  characteriatic  tree  I  have 
identified  sixty-four  species  of  trees,  not  counting  the  shmbs  found 
growing  in  more  or  less  abundance,  in  the  region  of  country 
indicated.  In  the  following  table,  the  numbers  in  the  first  column 
are  the  numbers  in  the  preceding  list;  the  second  column  will  rep- 
resent the  comparative  abundance  of  the  trees,  taking  10,  the 
white  pine  as  being  in  the  greatest  abundance. 
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On  the  map  within  the  region  covered  by  the  dotted  line  I  have 
marked,  by  a  line  of  alternate  dots  and  dashes,  a  tract  of  land  on  both 
sides  of  the  Miasiseippi,  commencing  a  little  to  the  east  of  the 
third  guide  line  on  the  Mississippi  thence  in  a  nortbeaaterly  direc- 
tion, thirty  or  thirty-five  miles,  having  an  average  width  of  about 
twelve  miles.  This  region  is  quite  level  and  flat,  so  much  so  that 
the  drainage  is  imperfect,  forming  extensive  swamps  of  cedar, 
tamarack,  spruce  and  balsam  fir.  Here  the  characteristic  tree  is 
the  white  cedar.  It  is  from  this  region  that  the  largest  number 
of  cedar  telegraph  poles  are  procured. 

On  the  flood  plain  of  the  Mississippi  where  the  drainage  is 
greatest — the  river  having  a  channel  in  the  soft  spongy  soil,  to  a 
depth  of  6  to  14  or  16  feet,  and  pursuing  a  very  torturous  course — 
there  is  a  thrifty  growth  of  oaks,  elms,  bass,  maple,  ash,  &c. 

The  plain  line  will  very  nearly  approximate  to  the' western  and 
southern  limits  of  the  pines.  There  are  occasionally  pines  seen  in 
small  groves  or  single  trees  south  and  west  of  this  line,  but  they 
are  exceptions.  The  characteristic  tree  between  this  line  and  the 
plain  line,  is  the  black  pine,  Pinus  bankstana;  the  number 
of  species  is  about  the  same  as  in  the  flrst  region,  but  their  rela- 
tive abundance  as  well  as  their  developement,  total  amoimts 
and  thrif  tiness  of  growth  are  different,  the  geology  of  the  country  is 
leas  favorable  to  them.  The  soil,  except  in  a  few  limited  areas,  is 
sandy,  the  growth  of  trees,  as  well  as  of ^the  pheenogamons  plants 
and  grasses,  less  rank. 

There  are  several  tracts  of  limited  extent  in  this  belt  that 
partake  of  the  same  geological  features  found  in  the  flrst  region, 
and  the  characteristic  trees,  the  relative  abundance  and  develope- 
ment agree  correspondingly.  The  largest  areas  of  this  character 
are  found  about  the  source  of  the  Otter  Tail  River,  The  other 
and  larger,  south  of  the  Crow  Wing  River  and  west  of  the  Mississ- 
ippi, includes  the  Little  Elk  River  and  a  part  of  the  Long  Prurie 
River. 

The  following  table  will  very  nearly  represent  the  relative  dis- 
tribution of  trees  in  the  second  region : 
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West  and  south  of  the  plain  line  commencea  the  belt  of  de- 
ciduous hard  woods,  mostly  covered  by  dense  heavy  timber,  with 
some  small  prairies  interspersed.  The  western  and  southwestern 
limits  of  this  tract  I  have  indicated  by  a  line  of  dashes  separated 
by  two  dots,  and  it  may  be  taken  the  commencement  of  the  great 
prairie  ragidns,  the  prairies  prevailing  with  small  groves  of  timber 
interspersed  on  its  eastern  borders. 

The  following  is  a  Hat  of  the  trees  noted  in  this  belt  on  the 
road  east  of  the  White  Earth  Agency: 


46 

1 

«fl 

2 

47 

3 

63 

2 

4K 

'I 

1  64 

1 

SO 

H 

51 

H 

1  s;-i 

'  61 

:i 

1.     Zanthorhiza  apiifoliH.  L'Her. 


2.  Vitis  cordifolia.  Hichx. 

3.  AmpelopBiB  quinquefolia,  Michx. 


4.     Ceanothns  americonue,  L. 


Celastnis  scandenB,  L. 


1.    Amorpha  Iructicosa,  L. 
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9.    Spinen  BoUcifolia, 


10.  Ribee  cynosbati,  L. 

11.  "    hirtelluin,  Hichi. 

12.  "    rotundifoUum,  Michi. 

13.  "    prostratuin,  L'Her. 

14.  "    Soridnm,  L. 

15.  "    mbruni,  L. 


16.  OmuB  canadensis,  L. 

17.  "      cwcinata,  L'Her. 

18.  "     sericea,  L. 

19.  "       stolontfem,  Michjf. 

20.  •'       altemifolia.  L. 


21  SymphoricarpuB  ractruoaua,  Hichx. 
22.  "  i-ulgaria,  Michx. 

2S.  Lonkera  grata,  Ait 

24.  "        parviilora,  Lam. 

25.  Diervilla  trifidn,  Mcenrh. 

Ericaeeae. 
Gayluseacia  duuosa.  Torr  &  Gray. 
reeinOBa,  Torr  &  Gray. 
Yacdnium  oiycoccna,  L. 
"         maci'ocarpa,  Ait. 
"         pennHylvamvum,  Lam. 
AretostaphyloB  uva-urai,  Spreng. 
This  abort  and  imperfect  list  is  given  in  At  k^  n 
have  both  time  and  meanH  to  extend  the  lifC- 


Anemone  patens,  L. 
parriflon,! 


1     ;;   Scii . 
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7.  "         nemoroaa,  L. 

8.  Hepatica  triloba,  Chaix. 

9.  Ranunculm  rhomboideoB,  Ooldie. 

10.  "        recuurvahiB.  Poir. 

11.  '■        penneylvanicuB,  L. 

12.  "        repeuB,  L. 

13.  ocris,  L. 
U.  Caltha  paHustrie,  L. 

15.  Aqnilegia  canadensis,  L. 

16.  Delphinium  exaltatom.  Ait. 

17.  '■       aaureum,  Midut. 

18.  Acttea  spicata,  L. 

19.  "      alba,  Bigel, 

Btrbtridaeea;. 

20.  Cftulophyllum  thalictroidea,  Micluc. 


NymphKa,  odorata,  Ait-. 
Nuphar  advena,  Ait. 


Sarmcenia  purpurea,  L. 


Coiydalia  flavula,  Pnreh. 


Nasturtium  sinuatuni,  Nntt. 
Arabia  ctmadenidB,  L. 

■'         perfoliata.  Lam. 

"       dmmmondi,  Gray. 
Barbarea  Tulgaris,  R.  Br. 
EiTBinum  cheirantlioideB,  L. 
Lepjdintn  intermedium,  Gray. 


32.  Vii^  rotniidifbla,  Uichi. 

33.  .  ••    blanda.  WiUd. 

34.  '-    selkirkii,  Pursh. 

35.  "    cucullata.  Ait. 

36.  "    pubescens.  Ait. 

37.  "    tricolor,  L, 
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Cislacea. 

38.  Heliantbemnm  canadense,  Uichx. 

Hi/pericaeeai. 

39.  Hypericum  elliptdcum,  HocJi. 

Car^opkj/llacex, 

40.  Siiene  nivea,  D  C. 

40.    Arenaria  lateriflora.  L. 
42.    Ceraatdum  antauB,  L. 


Portukca  retnea,  engflm. 

Linaceai. 
linum  eulcatum,  Riddell. 

Geraniaeeir. 


46.  Geramum  maculatuin,  L. 

47.  "        pusiUam,  L. 

48.  Impatieiu  Ailva,  Nntt. 

49.  Oxalia  riolacea,  L. 

50.  "      fitricta. 


51.  PolygaJa  Hanguiuea,  L. 

52.  "  senega,  L. 

Legal 

53.  LupinuB  pereouis,  L. 

54.  Trifolium  Tq»ai8,  L. 

55.  Psoralea  ai^gophyOa,  Purah. 

56.  Petalostemon  violacens,  Uichx. 

57.  "  Candidas,  Michz. 

58.  AatTagaluB  cacyocarpus,  Ker. 


"  cooperi,  Giay. 

D««modiaiii  acuminatum,  D  C. 
"  robmdifiJium,  D  C. 

"  cuspidatiun,  Torr  and  Gray. 

"         panicnlattim,  D  C. 
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Vicia  americana,  Muhl. 

"    carolinitoia,  Walt. 

LathyruB  venoans,  Mnhl. 

ochroleuciM.  Hook. 
"         paluatria,  L. 
ApiosatnberoBa,,  Momcfa. 
Phaseolaa  peretmis,  Walt. 

"        paacflonu,  Benth. 
BaptJBia  leucantha,  Torr  and  Gray. 


Agrimonia  eupatoria,  L. 
Geum  Btrictum,  AH. 

"     rivale,  L. 
6.  triflonnu,  Purah. 
Potentilla  noiregka,  L. 

"         Arguta,  Pnrsb. 

"       anserina,  L. 

''        trideotata,  Ait. 
Frairaria  virgininia  Ehrhart. 

Rubua.  trifloruR.RichardBon. 

"       atirigoBUH,  MJchi. 

ocdden talis,  L. 
■'       villoaus,  Ait. 
"       canadensis,  L. 
"       hiapidua,  L. 

Rosa  ludda  Ehrhart. 

"    blanda,  Ait. 
PamflBsia  r.arcdina,  Hichi, 
Heochera  hi^piila,  Panh. 


95.  Penthorum  sedoidea.  L. 

96.  Tillsa  simplex,  Nutt, 


Bpilobinm  anguatifolnm. 
Oenothera  biennis,  L. 
"       fruticosa,  L. 

riparia,  Nutt. 
"        pumila,  L. 
serrulata,  Null. 
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Lglhrar^eae, 

104.  Lythmnt  alatum,  Pursh. 

Ciiciifitiacetg. 

105.  Echinocy^tiH  lobata,  Toir  and  Ctiay. 

Ur,Atllijler.f. 

106.  Sonicula.  marilandka,  L. 

107.  Heracleum  lanatuin,  Midii. 

108.  Archemorft  rigida,  D  C. 

109.  ConioEelinum  numdenBe,  Ton-  and  Gray. 

110.  Thaiipium  barbinode,  Nutt. 

111.  "         aureum,  Nutt. 

112.  ''        trifoliatam. 
118.    Cicuta  maculata,  L. 

114.  Cryptatenia  cnnadensin,  D  C. 

Araitacea. 

115.  Aralia  rotemoea,  L. 

116.  "     nudicauliB,  L. 

117.  "     luinqnefolift. 


llij.  Oalium  asprellum,  Michx. 

119.  "       trifidum.  L. 

120.  "       boreale,  L. 

121.  Mitfhella  repenx,  L. 

Coinpofiim, 

122.  Liatrix  elt^ns,  Willd. 

123.  ^'       squaroaa,  Willd. 

124.  ''       cyliudtacea,  Michx. 

125.  Eupatorium  perpnream,  L. 

126.  "  perfoliatam,  L. 

127.  "  H^rotoidefi,  L. 

128.  Aater  macrophylitu,  L. 

129.  ■'     sericenR,  Vent. 
129^     "     patene,  Ait. 

130.  -     simplex. 

131.  "     nOTie-belgae. 

132.  ' '     ptarmicoidefl,  Torr  and  Gray. 

133.  Erigeron  pbiladelphicuin,  L. 

134.  "        Rtrignaum,  Hobl. 

185,  "        var  integrifotrain,  Brgel. 
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135H     Solidago  Berotina.  Ait. 

136.  ChryBOpsis  viUoea,  Nutt. 

137.  Plnchea  tetida,  D  C. 

138.  Heliopsis  Ice  vis. 

139.  Echinacea  (?) 

140.  Rudbeckia  birta,  L. 

141.  Helianthus  tracheliifoliua,  Willd. 

142.  "         doronecoides,  Lam. 

143.  Coteopsis  palmata,  Nutt. 

144.  Helenium  antunnale,  L. 

145.  Maruta  cotula,  D  C. 

146.  Achillea  millefolium,  L. 

147.  Leucanthemum  vulgare.  Lam. 
14S.  Tanacetum  hurODense,  Nutt. 
14U.  Artemisia  canadeoBie,  Michx. 
150.  "         borealia  Pallas. 

152.  Senecio  lobatua  Pers. 

153.  "      aureus,  L. 

154.  Circium,  two  or  thrt^  species. 

155.  Krigia  virginica,  Willd, 

156.  CTuthia  virginica,  Don. 


159.  Campanula  rotuudifoha,  L. 

160.  Campanula  aparinoideB  Parsh. 

161.  Gaultheria  procumbeDS,  L. 

162.  Pyrola  rotnndifolia,  L.  2  vai. 

163.  "      elUptica,  Nutt. 

164.  "      chlorantha,  ijwartz. 
IBS.  CtumaphiUa  umbellata,  Nutt. 


Lysimachia  thyrsiflora,  L. 
"  atricta,  Ait. 

"  ciliata.  L. 

laoceolata,  Walt. 
"  loDgifolia,  Pursh. 


Sc  raphiila  riaeetB. 


171.  Verbascum  thapsus,  L. 

172.  Linaria  vulgaris,  Speng-. 

173.  ■■       canadenaia,  MjU. 
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174.  Scropbularia  nodosa,  L. 

175.  Pentetemon  pubescens,  Solande. 

176.  ''         grandittorus,  Fraser. 
177..  MimuluB  ringena.  L. 

178.  "        jameBii,  Tow. 

179.  Micranthenum  nuttalbi,  Nut. 

180.  Veronica  virginica,  L. 

181.  Gerardia  aspera,  Dongl. 

182.  "        tenuifolia  Vahl. 

183.  *■        setacea,  Walt, 

184.  Caatdlleia  coccinea.'Spreng. 

185.  "  sessiliflora,  Purah. 

186.  PediculariB  eanadenBis.  L. 


.    Verbena  ha^itata.  L. 

"        urtddfolia,  L. 
.  .V.  bracteoBa,  Michx. 
Phryma  leptnetachia,  L. 


Menthu  cauaJensiit,  L. 
Lycopua  europfeus,  L. 
Eedeoma  pnl^oides  Pen. 

"         hispida  Punh. 
HooardafiBtuloea,  L. 
LopbonthnB  anisatui,  Benth. 
Bruselta  vulgaris,  L. 
Scutellaria  pannila,  Milchx. 
"         galericulata,  L. 
lateriflora,  L. 
StauhyB  coidata.  Rid. 


202.    Lithospennnm  caneacens,  Lehm. 
203  "  longiflorum,  Spreng. 

204.    CyliogLoRBum  moriRoni  D  C. 


PbloK  glaberriroa,  L. 
"     piloea,  L. 


Convoliiulacem. 


Ipomma  lacuuoaa,  L.* 
"        panduiata,  Meyer. 
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Solanacew. 


209.  PhyB&lis  ^THndiflom,  Hook. 

210.  "      viecosa,  L. 


Genlianaeew. 

211.  Gentiana  crinita,  L. 

212.  ■'       detonaa  Fries. 

213.  quinqnefloTU,  Lam. 

214.  ■'       andrewnii  GriBh. 

Apoci/Haeeae. 

215.  Apocynnni  androstciuijkiliuro,  L. 

216.  "         cannbinura,  L. 

Asclepiadaeeat. 

217.  .^aclcpioK  comad  Detrains. 

218.  "        purpuragcens.  L. 

219.  variegata,  L. 

220.  '•        perennia.  Walt. 

221.  "       tuberotia,L. 

222.  Aceratei)  longifolia.  Ell. 

Nffctagina  cent. 

223.  OifbaphiiB  nyctafiineoiiB  Swet. 

Phi/tolaeraceat. 
22i.    Phytolacca  decandra,  L. 

Chenopodiactae. 

225,  Chenopodiutn  album,  L. 

Polygonaeeae. 

226.  Polygonum  penicaria,  L. 
227-  ■'  bydropiper,  L. 
228.           ■'           avictilare,  L. 
221.            "            conTolvoliu,  L. 

230.  cilinode,  Michx. 

231.  Rumez  britanica,  L. 

232.  "       vntieeUatus,  L. 
238.        "        acetoeetla.  L. 

Urtieaeeae. 
284.    Urtica  gracilis,  Ait. 
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■235,       ■"      didea. 

236.  Laportea  canadensie  Gaad. 

237.  Homuluslupulua,  L. 


288.    Ari»Eenia  triphyUam. 

239.  Acorus  calamuB,  L. 

Typkaetae. 

240.  TjTha  latifolia. 

A  lianwreae. 

241.  Sag^ttaria  variabilu,  Euglm. 

Orchidactae. 

242.  CjpripediuiD  candidum,  Muhl. 

243.  "  paryiflorum  Salest. 

244.  "  spectaLile  Swaitz. 


"245.    Hypoxys  erecta,  L. 


246.  Iris  versicolor,  L. 

247.  SisTimcIiium  bennudianum,  L. 


lAliaetae. 
248.    TrilliDm  graiidiaonim  SalcBt. 


250.  Zf^adenas  glancna  Nntt. 

-251.  Smiladna  bifolia  Eer. 

■252.  I'olygonatum  biflonim. 

■258.  "          giganteum. 

:254.  LUium  philadelphicum,  L. 

255.  "       canadenne,  L. 

■256.  "       Buperbiim,  L. 

257.  Allium  Iricoccum,  ait 

:25S.  "        echcenopraBUm,  L. 

Jmneactae. 

Three  or  four  apecies. 
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259.     Tradescajritia  vii^inica,  h. 

Besides  the  fore^in^  list  of  phEeiiogamous  plants,  I  have  partly 
identified  about  eighty  species  of  others;  also  collected  and  nnm- 
bered  fifteen  or  twenty  species  of  ferns,  sixty  or  seventy  of  graases 
and  forty  or  fifty  of  sedges,  but  I  am  not  yet  prepared  to  afErm 
that  the  identifications  can  be  relied  upon  as  correct.  The  limited 
time  and  means  at  my  disposal  have  not  permitted  a  satisfactory 
study  of  them.  One  or  two  seasons'  residence  at  Itaska  lake,  and 
the  time  wholly  devoted  to  collecting  and  identifying,  would 
hardly  give  a  satisfactory  list  of  all  the  different  classes,  to  say 
nothing  of  the  entomology  and  ornithology  of  the  region. 
Very  respectfully, 

0.  E.  GARRISON. 


The  area  comprehended  in  the  examination  is  embraced  between 
townships  130  and  14T,  inclusive,  of  ranges  25  to  40,  inclusive, 
west  of  the  5th  meridian,  and  townships  11  to  58,  inclusive,  of 
ranges  22  to  27,  inclusive,  west  of  the  4th  meridian,  or  approxi- 
mately between  latitudes  48°  and  47°  42  min.  north,  and  longi- 
tude 93°  10  min.  and  95°  15  min.  west  from  Greenwich,  or  one 
hundred  and  twenty-six  by  one  hundred  and  eight  miles.  In  this 
rectangle,  covering  an  area  not  far  from  thirteen  thousand  six 
hundred  square  miles,  barely  one  thousand  five  hundred  square 
miles  were  visited  by  me  during  the  two  months  occupied  in  the 
explorations  of  the  past  summer,  the  limited  time  and  means  at 
my  disposal  not  allowing  of  a  more  extended  and  satisfactory  ex- 
amination. However,  excepting  a  strip  of  about  40  miles  wide^on 
the  west  side,  south  of  the  line  between  towns  139  and  140,  com- 
prising the  country  of  Ottertail  lake  and  river,  and  that  part  of 
the  west  side  north  of  the  line  between  towns  141  and  142,  about 
30  miles  wide,  together  with  two  small  areas  on  the  northern  and 
eastern  portions  represented  on  the  map,  viz:  the  Bigfork  river  and 
Bowstring  lake,  with  the  three  or  four  townships  adjacent,  and  the 
Swan  river  region,  there  is  but  a  small  part  of  the  whole  area 
which  1  have  not  visited  and  taken  notes  on  some  time  subae<jlient 
to  the  A.  D.  1856,  either  as  U.  S.  deputy  surveyor  or  in  exploring 
for  pine  land  in  the  interest  of  lumber  dealers. 

The  district  here  brought  under  our  notice  includes  portions  of 
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the  great  drainage  areas,  ^here  the  chief  rivers  of  the  continent 
find  their  sources.  These  are  the  Mississippi,  the  Red  river  of  the 
Mortb,  with  a  main  branch  of  the  Rainy  Lake  river.  The  first  is 
east  and  south  of  the  great  water  shed,  whose  waters  fiow  into  the 
Gulf  of  Mexico,  while  the  other  two  are  portions  of  the  widely  ex- 
tended area  whose  waters  ore  drained  into  Hudson's  bay;  while  the 
eastern  boundary  very  nearly  follows  the  divide  from  which  the 
waters  flow  east  into  the  St.  Louis  river  and  finally  into  the  Atlan- 
tic, through  the  great  lakes  and  the  Oulf  of  St.  Lawrence. 

The  area  of  the  Big  fork  of  the  Rainy  Lake  river  is  of  compar- 
atively limited  extent,  on  the  northern  part  of  the  rectangle,  and 
near  its  eastern  end.  The  Red  river  area  is  quite  regular  in  out- 
line, though  the  streams  fiow  in  widely  different  directions,  its 
upper  or  northern  portion  is  the  broadest,  its  waters  draining  north 
and  west,  while  the  middle  and  southern  portion  drain  to  the  south 
and  vest. 

Of  the  great  Mississippi  area,  which  takes  up  more  than  thrte- 
fourths  of  the  rectangle,  the  waters  fiow  in  every  conceivable 
direction.  The  outline  of  this  area  may  be  roughly  stated  as  a  cir- 
cle with  an  irregular  or  crooked  circumference,  having  a  radius  of 
fifty  miles,  taking  that  part  of  the  Mississippi  below  the  mouth  of 
Crow  Wing  river,  thence  to  the  mouth  of  the  Little  Elk,  as  a  sec- 
tion of  this  radius,  protract  this  line  nearly  due  north,  and  it  will 
cross  Leech  lake  passing  a  little  to  the  west  of  Lake  Winnebigosis 
Bisect  this  line  aiA  from  the  point  thus  found,  draw  a  line  at 
right  angles  both  east  and  west,  extend  each  fifty  miles,  and  we 
have  the  two  diameters  of  the  circle.  The  Mississippi  river  will 
then  be  comprehended  in  this  circle  with  nearly  all  its  feeders  above 
Little  Palls;  while  the  channel  of  the  Mississippi  with  a  radius  of 
about  forty  miles,  will  form  nearly  three-fourths  of  its  circum- 
ference. Within  this  great  circle  are  found  several  smaller  cir- 
cles within  which  the  rivers  and  brooks  converge  to  a  point  of 
outlet.  Each  small  circle  contains  a  cluster  of  lakes,  some  having 
a  few  large  lakes,  as  that  one  in  which  is  found  Leech  lake,  and  the 
one  containing  Gull,  Pelican  and  Long  lakes;  the  others  have  many 
small  lakes.  In  the  rectangle  represented  on  the  plate  are  seen 
seven  large  clusters,  in  all  of  which  the  water  converges  to  one 
outlet,  and  two  large  and  one  smaller  cluster  from  which  the  wa- 
ters fiow  in  opposite  directions.  These  last  will  be  found  in  Gull 
lake,  whose  waters  drain  south,  and  Pelican  Lake  whose  waters  run 
north,  and  the  cluster  northwest  of  Mille  Lacs  lake,  where  the 
waters  drain  north  and  northeast  through  Mud  river  and  southwest 
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by  the  Koaka  river.  The  small  cluster  is  seen  to  the  west  of  the 
sonthern  part  of  Mille  Lacs,  where  the  water  drains  east  to  that 
large  lake  and  west  b;  the  Platte  river.  A  study  of  this  area  gives 
the  impression  of  one  large  basin  enclosing  many  smaller  ones. 

The  Dividefl. 

The  main  divide  coming  on  this  sheet,  is  the  one  separating 
the  waters  of  the  Mississippi  from  those  of  the  Red  river  of  the 
!Nurth.  Beginning  at  the  northern  limits  of  the  State  near  the 
line  of  ranges  36  and  37  of  the  5th  mer.,  township  117  N.,  the 
trend  is  a  little  to  the  east  of  south  to  the  head  of  upper  Red  lake; 
thence  it  bends  to  the  wrat  of  south — nearly  southwest,  but  with 
an  irregular  line,  to  a  point  to  the  east  about  two  miles  from  the 
north  end  of  Many  Point  lake,  whence  its  course  is  nearly  due 
south  12  or  15  miles,  to  near  Toad  lake,  whence  it  bears  off  drlittle 
to  the  east.  A  high  hill  is  visible  for  many  miles,  and  the  divide 
assumes  a  broad  table-like  expanse.  From  here  the  divide  has  a 
general  south  trend  for  twenty  or  twenty-five  miles,  and  is  cross- 
ed by  the  Northern  Pacific  railroad  in  the  vicinity  of  New  York 
mills;  here  it  takes  a  bend  to  the  southwest,  and  passes  between 
the  Leaf  lakes  and  Otter  Tail  lakes  where  it  is  about  eighty  feet 
above  the  surface  of  the  fourth  lake  of  the  seri»  in  the  old  ronte 
from  the  Crow  Wing  river  by  way  of  Leaf  lakes  and  river.  This 
hight  of  land  is  as  mentioned  by  Prof.  D.  D.  Owen  in  his  narra- 
tive. The  only  place  where  I  have  had  an  opportunity  to  meas- 
ure the  hight  of  this  line  of  divide,  was  where  the  Leech  lake  and 
White  Earth  road  crosses  near  the  southern  part  of  township  141, 
N.  R.  38,  W.  5th  mer.,  where  I  found  it  to  be  1470  feet  above  the 
sea  and  75  feet  above  the  surface  of  the  water  in  a  small  lake  south 
of  the  road.  Within  the  hills  forming  the  divide  is  the  outlet  of 
the  lake  flowing  to  the  west  into  the  Otter  Tail  or  Red  river. 
Only  small  portions  of  the  other  mam  divides  come  within  the 
limits  of  this  sheet.  That  part  of  the  northern  range  of  hills  that 
separates  Lake  Winnebigosis  from  Bowstring  lake  and  Big  Fork 
river  comes  within  our  limits  near  the  northeast  comer  of  town 
147  N.  range  27  west,  5th  mer.  and  bears  nearly  southeast,  pass- 
ing a  short  distance  from  the  Bowstring  lake  to  near  the  range 
line  between  ranges  25  and  26  of  town  146,  N.  5th  mer.,  where  it 
bends  to  the  east  and  the  Third  guide  meridian  crosses  it  a  little 
north  of  the  northwest  corner  in  tovniship  57,  nortn  4th  mer.. 
whence  it  bears  a  little  to  the  south  of  east  for  about  six  miles 
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when  the  trend  takes  a  snddden  bend  at  nearly  a  right  angle  and 
leaves  the  limits  of  the  map  near  the  middle  o£  the  north  boundary 
of  town  68,  N.  R.  25,  west  of  the  4th  mer.  This  portion  of  thw 
great  wat*r  shed  dividing  the  waters  flowing  into  Hudson's  bay 
from  those  flowing  into  the  Gulf  of  Mexico  is  said  to  be  low,  sel- 
dom rising  in  the  form  of  a  ridge,  and  at  the  trend  near  the  south- 
east end  of  Bowstring  lake  in  a  swamp  only  a  foot  or  two  above' 
the  surface  of  the  lake.  It  is  also  said  that  b;  building  a  dam  at 
a  favorable  place  at  the  outlet  of  Bowstring  lake,  the  waters  could 
readily  be  made  to  flow  to  the  south  into  a  tributary  of  the  Win- 
nebigosis  lake.  I  am  not  prepared  to  affirm  this  from  personal 
inspection,  but  Mr.  J.  P.  Hinchellwood,  the  U.  S.  deputy  who  survey- 
ed the  townships  around  the  lake  so  reports.  The  divide  on  theeast 
I  have  not  seen,  but  it  is  reported  to  be  high  and  broken,  some  of 
the  hills  on  the  trail  or  carry,  from  the  head  of  West  Savanna 
to  the  East  Savanna  river,  by  barrometer  mesfiurement,  being 
over  139  feet  above  the  waters  of  Sandy  lake.  In  all  this  region 
there  is  no  hill  approaching  to  a  mountain.  The  recorded  high- 
est point  I  have  seen  being  only  1960  feet. 

Suhordimate  dhides.  The  area  comprised  within  the  circle 
where  streams  are  all  feeders  to  the  Mississippi;  may  with  propriety 
be  described  as  a  large  basin  within  which  aremany  small  basins. 
Most  of  these  subordinate  basins  have  a  drainage  of  their  own,  and 
are  readily  distinguished  by  the  clusters  of  lakes  seen  on  the  maps. 

Having  never  seen  any  records  of  the  bights  of  these,  and  no 
opportunity  to  measure  any  of  them  save  in  a  few  localities  having 
presented,  1  must  perforce  content  myself  by  calling  attention  to 
this  peculiarity  in  the  hopes  that  some  time  hereafter  an  oppor- 
tunity may  occur  to  study  it  in  the  field. 

The  Streams. 

The  streams  are  so  numerous  that  only  a  few  can  be  noticed 
here. 

The  Mississippi.  The  most  important  of  all,  having  its  source- 
within  this  district,  meriU  a  far  more  extended  notice  than  I  am 
able  to  give  from  the  hasty  and  short  time  expended  in  its  exami- 
nation. It  takes  the  name  Mississippi  only  after  its  debouch 
from  Itasca  lake.  There  are  several  streams  entering  the  lake 
which  have  disputed  the  right  to  be  the  extreme  source.  The  one- 
adopted  by  Nicollet  and  in  the  preceding  narrative  is  the  largest 
feeder  to  the  lake  and  should  have  the  name.  The  lakeis  a  little  over 
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three  miles  long,  nortli  and  Bouth,  shaped  Bome  like  a  letter  U 
with  a  projection  on  the  northwesterly  side  of  the  curve.  The 
widest  part  is  a  little  over  half  a  mile.  To  continue  the  de- 
scription would  onlj  be  repeating  what  has  been  said  in  the  narra- 
tive of  the  journey  down  the  river. 

Crow  Wing  River.  Of  the  tributaries  to  the  Mississippi,  the  Crow 
Wing  is  the  most  considerable  within  the  limits  of  the  district. 
Taking  its  rise  in  some  of  its  branches  only  a  few  miles  south  of 
Itasca  lake  it  pursues  a  general  southeast  course,  making  a  southing 
of  about  sixty  miles  and  an  easting  of  nearly  the  same.  Its  prin- 
cipal feeders  are  the  Shell,  the  Leaf  and  the  Long  Prairie,  all  of 
them  considerable  streams.  Throughout  its  whole  course  and 
that  of  all  of  its  wide  spread  branches,  excepting  those  coming 
from  the  south  and  entering  the  Leaf  on  the  Orow  Wing  itself, 
the  country  is  of  a  sandy  character,  bearing  a  small  growth  of 
pines,  the  black  pine,  Pinus  banksiana  being  the  characteristic  tree, 
with  here  and  there  a  grove  of  fair  sized  Norway  pine  mixed  with 
which  is  a  few  white  pines.  Yet  in  this  area  there  are  some  large 
and  many  small  tracts  where  the  prevailing  light  sandy  soil  gives 
place  to  a  rich,  black  sandy  or  gravelly  loam. 

Pine  River  is  next  in  size  and  first  in  importance  of  the  tribu- 
taries to  the  Mississippi;  taking  its  rise  south  of  Leech  lake  and 
east  of  A  broad  stretch  of  sandy  plain,  it  has  a  general  southeaster- 
ly course,  making  about  25  miles  southing  and  26  or  27  miles  east- 
ing from  its  extreme  branches.  In  nearly  its  whole  length  it 
appears  to  form  the  dividing  line  between  the  sandy  black  pine 
planes  and  the  rolling  or  hilly  country  to  the  east  and  north,  where 
the  surface  soil  is  of  a  heavier  or  clayed  nature  with  more  boulders 
and  the  characteristic  tree  the  white  pine.  Its  principal  tribu- 
taries are  the  Dagget  brook  and  the  Little  Pine,  both  important 
streams  from  which  many  million  feet  of  pine  saw  logs  are  annu- 
ally floated  to  the  mills  of  Minneapolis  and  St.  Cloud. 

Leech  Lake  River  is  apparently  larger  than  the  Pine,  but  I  do 
not  think  that  it  carries  more  water.  The  channel  is  deep,  broad 
and  sluggish.  The  general  dip  or  inclination  of  the  surface 
throughout  this  whole  region  being  abont  southeast  the  course 
of  the  river  is  at  nearly  a  right  angle  to  the  dip,  giving  to  the 
river  this  sluggish  character. 

Willow  River  has  its  source  to  the  southeast  of  Leech  lake  and 
has  a  general  course  easterly  for  about  twenty-four  miles  when  by 
&  long  curve  it  bears  to  the  south,  east,  south,  and  then  finally 
southwest  for  about  28  miles;  the  whole  of  this  distance  nearly  par- 
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allelwith  the  Mississippi  a  gradually  narrowing  strip  lying  between. 
Id  the  first  part  of  its  course  the  country  is  hilly  or  rolling  and 
holds  some  of  the  best  pine  timbered  lauds  within  the  circle  of 
which  the  Mississippi  forms  nearly  two-tbirds  of  the  periphery;  and 
from  its  tributaries,  the  Moose  and  Hill  rivers,  as  many  or  more 
good  saw  logs  have  been  floated  to  the  mills  than  from  any  similar 
area  on  the  upper  Mississippi.  Below  where  the  bend  towards 
the  south  commences  the  river  flows  through  broad  plains  with  ex- 
teusiTe  meadows  and  swamps  of  cedar;  the  immediate  river  hot- 
toms  being  covered  by  a  growth  very  similar  to  the  Mississippi  bot- 
toms. 

These  four  rivers  are  the  principal  tributaries  to  the  Mississippi 
within  the  rectangle,  and  are  wholly,  with  the  exception  of 
some  of  the  upper  parts  of  the  smaller  branches  of  the  Crow 
Wing,  within  the  circular  area  of  which  the  Mississippi  is  the  ap- 
proximate periphery,  and  enter  it  from  the  right  bank.  Besides 
these  there  may  be  mentioned  the  Little  Willow,  and  the  Pokegama, 
tributaries  direct  to  the  Mississippi;  the  Shell,  the  Leaf,  the  Long- 
prairie,  Oull  and  Swan  Rivers,  tributaries  to  the  Crow  Wing;  all 
important  streams  carrying  much  water  and  floating  many  pine 
saw  logs  each  spring. 

The  Little  Elk,  entering  the  Mississippi  from  the  right,  was 
noted  by  Nicollet  and  Owen  on  account  of  the  proximity  of  its 
mouth  to  some  important  geological  features,  and  is  an  imporrant 
stream  to  lumbermen. 

The  tributaries  to  the  Mississippi  coming  in  on  the  left  bank 
are  generally  smaller  than  those  on  the  right,  which  is  owing  to 
the  fact  that  the  great  water  shed  of  the  continent  is  more  nearly 
followed  in  its  curves  by  the  Mississippi,  as  if  in  the  great  upheav- 
ing which  formed  the  divide,  a  wrinkle  was  formed  following  near 
the  summit  through  which  the  Mississippi  naturally  found  its 
bed.  I  will  mention  the  names  of  the  largest  beginning  with  the 
upper.  Turtle,  Deer,  Prairie,  Swan,  Sandy,  Rice,  Mud,  Rabbit 
and  Anoka.  The  Piatt,  Rum  and  Snake  Rivers  having  their 
source' within  the  rectangle,  are  tributaries  to  the  Mississippi, 
directly  or  indirectly. 

The  Red  River  of  the  North  receives  its  principal  water  from 
within  our  area.  Much  perplexity  has  been  occasioned  by  this 
branch  as'well  as  the  Red  Lake  River,  being  indiscriminately  called 
the  Red  River.  Owen  gives  the  width  of  the  east  branch,  by 
which  I  suppose  he  means  the  Red  Lake  River,  as  one  hundred 
and  twenty  feet  and  the  other  as  one  hundred  feet.     "The  former 
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is  the  stream  to  which  the  name  of  Red  River  properly  belongs.  ""^ 
Taking  its  rise  about  twelve  miles  to  the  west  of  Itasca  Lake,  the- 
latter  has  a  general  south  course,  making  many  detours  to  the  east 
and  west,  passing  through  many  lakes  and  receiving  several  tribu;- 
taries  in  a  course  of  about  fifty  milea  to  Rush  Lake;  thence  it 
flows  about  southwest  to  Otter  Tail;  leaving  Otter  Tail  Lake  it 
has  B  general  north  of  west  course  and  leaves  the  district  in  town 
134  N. 

Wild  Rice  River  has  its  rise  in  township  145  N..  R.  36  W.,  5th 
mer.,  and  about  twelve  miles  north  of  Itasca  Lake,  whence  it» 
course  is  a  little  south  of  vrest,  seventy  miles,  emptying  into  Red 
River  in  township  144,  R.  49.  Having  seen  no  part  of  this  river, 
I  am  not  able  to  give  an  account  of  its  character  or  the  country 
adjoining.  A  branch  of  the  Red  Lake  River  takes  its  rise  in  a 
small  lake  in  the  northwest  corner  of  town  146,  R.  39,  and  has  a 
north  course  to  the  north  line  of  our  rectangle. 

The  Big  Fork  River  rises  to  the  north  of  our  area  and  east  of 
the  fifth  guide  meridian,  and  has  a  southwest  courae  to  Bowstring 
Lake  in  township  147  N.,  R.  S5  and  26  W.,  Mh  meridian.  I  have 
heretofore  at  several  times  referred  to  this  river,  and  no  more  in- 
formation can  be  given.  Owen's  report  gives  a  very  minute  ac- 
count of  this  river  and  its  rock  exposures,* 

The  East  Savanna  River,  a  branch  of  the  St.  Louis,  rises  in  a 
small  lake  in  T.  52  N.,  R.  22  W.,  4th  mer.,  and  is  described  as  a 
stream  having  a  width  of  one  hundred  and  fifty  to  two  hundred 
yards,  overgrown  with  rushes,  except  a  channel  fifteen  or  twenty 
feet  wide  in  the  middle.  The  river  has  only  eight  or  ten  mileft 
length  within  our  area. 


In  the  estimate  of  the  amount  of  pine  timber  smEable  for  manu- 
facturing, standing  at  this  date,  I  take  it  that  there  is  an  equivalent 
to  forty  townships,  on  each  forty  acre  tract  of  which  there  are 
250,000  feet  of  pine  standing.  This  is  taken  after  a  careful  exam- 
ination of  all  the  data  I  have  been  able  to  collect,  and  if  correct, 
then  we  shall  have  5,760,000,000  feet.  This  includes  about  one 
township  out  of  every  nine  within  our  district,  all  of  which  'are 
within  the  area  where  drainage  goes  into  the  Mississippi  rivei.  It 
also  includes  the  several  Indian  reservations,  on  which  are  many 
millions  of  feet  of  excellent  pine,  and  a  tract  on  the  Big  Fork  riv- 
■Owen'a  Geologkftl  Survey  ol  Wlsconaln,  Iowa  >Dd  UlunoU.   ISU,  pa^  ITS. 
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er,  whose  waters  are  now  drained  into  the  Rainy  Lake  river;  but  it 
seems  from  tlie  facts  obtained,  the  two  hundred  and  fifty  or  three 
hundred  million  feet  on  that  stream.  Bowstring  lake  and  the  tribu- 
taries thereto,  may  be  floated  down  the  Mississippi.  Many  of  the 
Indians  and  half  breeds  interested  in  the  various  reservations  are- 
beginning  to  realize  the  fact  that  in  this  pine  timber  on  the  reser- 
vations they  have  a,  mine  of  wealth,  and  alt  will  be  made  available 
to  manufacturers. 

How  long  the  timber  now  standing  and  available  will  last  is  a 
question  often  asked,  and  it  is  a  question  of  interest,  not  to  the 
rising  generation  only,  but  to  the  present,  as  in  a  few  years — at 
most  within  twenty-five — at  the  present  rate  of  destruction,  with 
no  more  effort  than  is  now  used  to  arrest  useless  waste  or  to  re- 
new the  growth,  will  see  an  end  of  lumbering  on  the  upper  Mis- 
sissippi. To  demonstrate  this  will  require  only  a  little  reflection 
and  a  few  figures.  There  was  manufactured  at  and  above  Minne- 
apolis during  the  years  1875  to  1879,  inclusive,  887,087,686  feet  of 
lumber,  being  a  mean  of  173,407,737  feet  per  year.  It  is  but  a 
fair  estimate  that  there  is  as  much  more  destroyed  by  fires,  storms, 
natural  decay  and  useless  waste  in  the  forest  by  careless  handling. 
On  the  other  hand  there  is  an  increase  by  the  annual  growth  of 
trees  now  too  small  for  saw  logs.  From  a  great  many  measllre- 
ments  of  the  growth,  I  have  found  that  a  tree  that  in,  say  1865,. 
measured  twelve  inches  in  diameter,  in  1879  measured  twenty 
inches  in  diameter,  an  increase  of  eight  inches  in  fourteen  years. 
This  may  be  considered  as  a  fair  average  of  the  growth  of  pine  in 
the  upper  Mississippi  region,  and  an  estimate  of  58,000,000  as  the' 
annual  increase  by  natural  growth.  Now  if  we  add  the  excess  ot 
loss  by  causes  above  mentioned,  amounting  to  115,000,000  feet,  to 
the  annual  consumption,  we  have  a  total  of  over  388,000,000  feet 
as  the  annual  consumption  and  loss.  Then  divide  the  five  hun- 
dred and  seventy-six  milUona  by  the  two  hundred  and  eighty-eight 
millions  and  it  gives  an  even  20  years  as  the  time  within  which 
lumbering  will  cease  to  be  a  profitable  business  from  the  pineriea 
ou  the  upper  Hissisaippi,  unless  some  means  are  provided  to 
prevent  the  annual  consumption  and  waste. 
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VIII.  . 

THE  HYDROLOGY  OF  MINNESOTA. 

A  REPORT  or  rBOOBBSe  BY  C.  If .  TBBBT. 


Any  attempt  to  discuss  the  hydrograpliical  STstem  of  any  poiv 
tioD  of  the  earth's  surface  should  begin  with  the  rainfall,  because 
as  has  been  said  by  a  distinguished  scientist,  the  true  sdurcea  of 
our  rivera  is  in  the  air. 

The  condensation  of  watery  vapor  in  the  atmosphere  causes 
rain  and  the  rain  supplies  our  lakes  and  streams  and  springs  and 
Tvells  with  all  the  water  they  contain. 

Every  drop  of  water  even  in  the  deepest  well  once  floated  as  in- 
visible vapor  in  the  sunlit  air  and  falling  from  thence  onto  the 
earth's  surface  with  other  drops,  it  percolated  down  through  the 
soil,  through  loam,  and  sand,  and  gravel;  through  rock  crevices  and 
subterranean  channels,  until,  at  last  the  necessities  of  man  found 
it  in  its  prison,  and  raised  once  more  to  the  light. 

Every  particle  of  water  which  the  Mississippi  bears  to  the  sea 
has  come  from  the  clouds. 

Every  lake  which  mirrors  the  sky  and  reflects  its  light  is  like  a 
child  looking  up  into  the  face  of  its  mother,  for  no  lake  could  ex- 
ist but  for  the  clouds  and  the  rain. 

The  average  annual  rainfall  of  a  place  is  therefore  a  matter  of 
the  utmost  practical  importance.  If  it  should  be  cut  off  or  mate- 
rially diminished  the  most  serious  consequences  would  ensue.  Riv- 
ers would  shrink  to  mere  brooks  or  cease  to  flow,  water  powers 
would  become  valueless,  mills  would  be  idle,  crops  would  fail,  and 
the  country  would  become  an  uninhabitable  desert. 

But  the  26  inches  of  water  which  annually  falls  over  the  great- 
er part  of  Minnesota  makes  it  anything  but  a  desert.     A  glance  at 
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the  hydrographical  map  shows  wh&b  a  vast  and  complicated 
net-work  of  lakes  and  rirerB  is  required  to  carry  off  even  a  part  of 
this  preciptation. 

Few  persons  stop  to  consider  or  attempt  to  realize  the  vast 
amount  of  water  represented  bj  an  annual  rainfall  of  26  inches. 

It  may  help  the  imagination  to  obtain  a  more  distinct  concep- 
tion of  this  fact  if  I  quote  right  here  a  few  words  from  a  lecture 
by  Prof.  Huxley,  on  Rain  and  Dew. 

"What  does  a  meteorologist  mean  when  he  says  that  the  annual 
rainfall  is  about  26  inches?  By  such  a  statement  he  means  sim- 
ply that  if  all  the  rain  which  falls  on  any  level  peice  of  ground 
during  an  average  year  could  be  collected,  none  being  lost  by  dry- 
ing up,  none  running  off  the  soil,  and  none  soaking  into  it,  then 
at  the  end  of  the  year  it  would  form  a  layer  covering  the  ground, 
to  the  depth  of  26  inches.  The  year's  accumulation  of  rain  would 
thus  form  a  vastnesB  of  water.  Remembering  that  an  inch  of 
rain  represents  about  100  tons  of  water  to  the  acre,  it  will  be 
found  that  every  acre  receive  during  the  year  not  less  than  2,600 
.    tons  of  water." 

Rainfall  at  Minneapolis  from  records  of  Mr.  Wm.  Cheney 
showing  the  annual  deposit  of  rain  for  ten  years: 


Annual 

Annual 

Tear. 

IffiTe 

1871 

30.S04 

28.749 

1872 

24.9« 

1877 

25.208 

1873 

31.902 

22.153 

1874 

29.043 

1879 

27.180 

187S 

30.042 

1880 

The  average  annual  rainfall  for  14  years  according  to  Mr.  Che- 
ney^B  observation  is  S9.tl8. 

The  annual  rain-fall  of^astem  Dakota  from  data  furnished  by 
the  war  department: 


Name  of  place. 

Length  of  time. 

Amount. 

"  17    •'     .... 
"  8l0-12yeat8 
"  I10-12yeara 

The  Rev.  Dr.  A.  B.  Patterson  of  St.  Paul  kept  a  meteorolgical 
record  from  1860  to  1876,  the  year  of  his  death. 
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The  subjoined  table  gives  the  total  ndufall  for  each  month  du- 
ring a  period  of  16  yeara  and  also  the  monthly  and  aimnal  means: 


Totals. 

Monthly 

TotaiB. 

Monthly 

....  15.17 

0.95 

September... 

...  5S.79 

3.46 

Febmanr. . . . 

...  n.6i 

1.10 

October 

...  34.63 

2.15 

Mai^h 

....  23.58 

1.47 

..  .  22.08 

1.31 

April 

....  31.04 

2.06 

...  14.33 

0.90 

my 

...  58.14 

3.51 

...  74.53 

4.66 

Total.... 

29.08 

Jnly 

...  46.47 

2.90 

Aogast 

...    73.23 

4.57 

The  average  annual  rainfall  is  29.08  inches. 


Annual  and  monthly  means  of  rainfall  in  Dakota  from  data 
of  the  War  Department  up  to  1878. 


Fort 

Abercrombie 
1860  to  1877 


Fort 

Pembina. 

1871  to  1878 


January .. 
February . 

1^ .'.'.'.'.'. 
J^  .V.'.V. 

AuKUBt  .  .  . 

September 
October... 

November. 
December  . 


1.66 

0.96 
0.64 
0.70 


2.71 

1.35 

4.81 

2.40 

3.51 

5.04 

2,52 

5.27 

2.63 

2.20 

1. 10 

1.01 

0.50 

1.51 

0.75 

Annual  and  monthly  means  of  rain  fffll  in  Minnesota  from  data 
furnished  by  the  War  Department  up  to  18T8. 


byGoO'^lc 


STATE  QBOLOQIST. 


.0.™. 

PortSnelling 
1836  to  1878. 

Pott  Ripley 
1849  to  1877. 

Fort  RJdgelT 
1855  to  1867. 

St.  Paul, 
1859  to  1866. 
1871  to  1878. 

Giund 
Mean. 

Januarr 

FebniuT 

0.97 
0.76 
1.31 
2.13 
3.40 
3.80 
3.01 
3.24 
3.42 
1.39 
I.4fi 
0.94 

0.85 
0.92 
1.55 
1.62 
3.08 
4.33 
4.14 
3.11 
3.28 
1.60 
1.73 
0.91 

1.51 
1.36 
1.61 
1.60 
2.88 
2.59 
2.67 
4.02 
3.22 
1.65 
1.18 
1.12 

0.88 
0.87 
1.78 
2.20 
3.75 
5.82 
2.68 
3.96 
3.09 
2.08 
1.17 
6.72 

1.07 
1.00 
1.56 

iiLj :.'.'.'.'.'.'.'.'. 

iZ 

4.13 

November 

December 

3.58 
3.25 
1.88 
1.39 
0.92 

Mean 

25.89 

27.31 

25.31 

25.09 

29.05 

26.41 

The  Blver  System. 

All  of  the  soathern  and  central  portioDS  and  a  large  area  of  tlie 
northern  part  of  Minnesota  are  drained  by  the  Mississippi  river 
and  its  tributaries. 

In  the  north weetera  part  of  the  State  the  Red  river  valley  which 
is  drained  by  the  Red  river  and  its  afEuents  comprises  in  Minne- 
nesota  an  area  of  over  13,176  square  miles. 

The  drainage  is  toward  the  north.  The  Bed  River  flows  into 
la3m  Winnipeg,  the  outlet  of  which  is  the  Nelson  river,  which 
flnds  the  ocean  through  Hudson's  bay. 

Al!  of  the  most  northern  streams  tributary  to  the  Rainy  Lake 
river  and  the  system  of  lakes  on  the  boundary  line  between  the 
United  States  and  Canada  belong  also  to  the  Red  river  system  and 
finds  the  ocean  level  at  Hudson's  Bay. 

This  portion  of  the  State  haa  not  yet  been  fully  surveyed  and 
the  courses  of  the  streams  as  well  as  the  size  and  shape  of  the 
lakes  are  not  accurately  laid  down  on  the  maps. 

In  the  northeastern  part  of  the  State  a  lai^  area  estimated  at 
about  9,000  square  miles  is  drained  by  tributaries  of  Lake  Superior. 
The  principal  river  of  this  region  is  the  St.  Louis,  which  enters 
the  Lake  at  Duluth. 

As  Lake  Superior  in  common  with  other  great  lakes  finds  its 
outlet  to  the  sea  through  the  river  St.  Lawrence,  the  whole  vast 
system  of  lakes  and  rivers  afSuent  to  the  St.  Lawrence  have  re- 
ceived the  the  name  of  the  St.  Lawrence  system. 
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The  area  drained  by  the  Hissisaippi  and  its  brancheB  comprises 
all  the  remaining  portion  of  the  State  except  a  Bmall  tract  in  the 
Bonthwestem  corner  including  Rock  and  Pipestone  counties  whose 
streams  Sow  into  the  Missouri.  But  as  these  in  common  with  the 
Mississippi  waters  find  the  ocean  level  in  the  Qulf  of  Mexico  they 
may  be  considered  in  the  same  hydrographic  basin.  Thus  it  ap- 
pears that  the  river  system  in  our  State  is  threefold:  1.  The 
Mississippi  river  system.  2.  The  St.  Lawrence  river  system.  3. 
The  Red  river  and  Rainy  Lake  system. 

Among  the  great  rivers  of  the  world  the  Mississippi  takes  the 
first  rank.  Its  position  and  offices  are  continental  as  those  of  no 
other  river  are. 

Its  branches  [stretch  from  the  forty-ninth  parallel  of  latitude 
— the  northern  boundary  of  the  United  States — to  the  Qulf  of 
Mexico  and  from  the  summit  and  crown  of  the  Rocky  Mountains, 
in  northern  Montana  to  the  western  slope  of  the  Appalachian  range- 
in  Virginia.  This  magnificent  basin  is  the  seat  of  an  empire 
whose  resources. have  only  begun  to  be  developed.  About  midway 
between  the  eastern  aud  western  limits  of  this  great  valley  are  the- 
sources  of  the  mighty  river  whose  arms  grasp  the  continent. 
Among  the  clear,  bright  lakes  of  Minnesota,  on  the  highest  landa 
between  the  Arctic  ocean  and  the  Oulf  of  Mexico,  the  Mississippi 
begins  its  course. 

Within  the  limits  of  our  State  the  Mississippi  grows'from  a  rill 
sixten  feet  wide  and  fouteeu  inches  deep,  to  a  great  river,  half  a 
mile  wide  and  from  5  to  20  feet  deep.  It  assumes  within  oar  bor- 
ders its  well-known  character  of  the  "Father  of  waters." 

Let  ua  now  proceed  to  Lake  Itasca  and  observe  the  physical  as- 
pects of  the  river  as  it  appears  to  a  voyager  who  descends  its  cur- 
rent from  its  ultimate  source  to  the  point  where  it  passes  beyond 
the  southern  boundary  of  our  State. 

When  we  consider  the  influence  the  Mississippi  had,  not  only  on 
the  imagination  of  early  explorers  but  also  at  a  later  date  on  the 
development  of  the  cities  and  States  adjacent,  we  cannot  wonder 
at  the  enthusiasm  evinced  to  discover  and  describe  its  utmost 
sonrce  and  to  explore  the  impenetrable  and  trackless  wilderness 
which  shrouded  in  its  mjsterious  silence  the  origin  of  the  great 
river.  It  was  the  same  sort  of  enthusiasm  which  has  prompted  so 
may  expeditions  in  search  of  the  sources  of  the  Nile.  The  discov- 
ery of  the  source  of  the  Mississippi,  although  attended  by  some 
difficulties  and  hardships,  was  a  comparatively  easy  task. 

The  first  white  man  who  is  known  to  have  visited  Lake  Itasca 
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was  W.  MorrisBOD,  an  Indian  trader  and  explorer.  He  fiist  eaw  the- 
lake  in  1804. 

In  1820  Mr.  H.  B.  Schoolcraft  made  a  memoriable  expedition  to 
the  head  watere  of  the  Mississippi  and  proceeded  as  far  aa  Caaa. 
Lake  which  he  named  for  Lewis  Cass  then  Governor  of  Michigan. 
From  this  point  Schoolcraft  turned  back,  but  in  1832  in  a  second 
journey  he  pushed  on  to  Lake  Itasca  and  camped  on  the  little- 
Island  in  the  lake  which  bears  his  name. 

The  next  visitor  who  has  left  anj  public  record  of  his  espedi^ 
tion  was  Nicollet  the  French  scientist  whose  name  is  a  household 
word  in  Minnesota,  since  a  county,  a  township,  a  lake,  a  railroad 
station,  a  hotel,  a  street  in  Minneapolis  and  an  island  are 
named  for  him. 

Nicollet  explored  Lake  Itasca  in  1836.  Hia  description  is  so. 
vigorous  and  charming  that  I  transcribe  a  portion  of  it: 

"The  Mississippi  holds  its  own  from  its  very  origin;  for  it  is  not 
necessary  to  suppose  as  has  been  done,  that  Lake  Itasca  may  be 
supplied  with  [invisible  sources  to  justify  the  character  of  a  re~ 
markable  stream  which  it  assumes  at  its  issue  from  this  lake. 

There  ore  five  creeks  that  fall  into  it,  formed  by  innumerable- 
streamlets  oozing  from  the  clay-beds  at  the  bases  of  the  hills  that 
consist  of  an  accumalatiou  of  sand  gravel  and  clay  intermixed 
with  ercatic  fragments;  being  a  more  prominent  portion  of  the 
great  erratic  deposit  previously  described,  and  which  here  is  known 
by  the  name  of  "Hautes  des  Terres"  heights  of  land.  Now  of 
the  five  creeks  that  empty  into  Itasca  Lake,  one  empties  into  the 
east  bay  of  the  lake,  the  four  others  into  the  west  bay.  I  visited 
the  whole  of  them;  and  among  the  latter  there  is  one  remarkable 
above  the  others  inasmuch  as  its  course  is  longer,  and  its  waters 
more  abundant;  so  that  in  obedience  to  the  geographical  rule 
"that  the  sources  of  a  river  are  those  which  are  most  distant  from, 
its  mouth"  this  creek  is  truly  the  infant  Mississippi,  all  others  be- 
low its  feeders  and  tributaries. 

"T!io  day  on  which  I  explored  this  principal  creek  (August  29,. 
1836)  I  judged  that  at  its  entrance  into  Itasca  Lake  rits  bed  was 
15  to  20  feet  wide  aud  the  depth  of  water  from  2  to  3  feet.  We- 
stemmed  its  pretty  brisk  current  during  ten  or  twenty  minutes, 
bat  the  obstructions  occasioned  by  the  fall  of  trees  compelled  ua: 
to  abandon  the  canoe  and  seek  its  springs  on  foot  along  the  hills. 
After  a  walk  of  three  miles  during  which  we  took  care  not  to  lose 
sight  of  the  Mississippi  my  gnides  informed  me  that  it  was  better 
to  descend  into  the  trough  of  the  valley;   when,  accordingly,  we. 
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found  Damberlees  streamleta  ooziag  from  the  basis  of  the  hilla 
The  temperoture  obtained  at  a  great  number  of  places  by  the  ther- 
mometer in  the  mud  whence  these  springs  arose,  was  always  be- 
tween 43*^  5  min.  and  44°  3  min.  Fab.,  that  of  the  air  being  be- 
tween 63°  and  70  . 

flaving  taken  great  pains  in  determining  the  temperature,  I 
hare  a  right  to  believe  that  it  represents  pretty  accurately  the 
mean  annual  temperatures  of  the  country  under  examination. 

As  a  further  description  of  these  head-watets  I  may  add  that 
they  unite  at  a  small  distance  from  the  hills  whence  they  originate 
and  form  a  small  lake  from  which  the  Mississippi  flows  with  a 
breadth  of  a  foot  and  a  half  and  a  depth  of  one  foot.  At  no  great 
distance,  however,  this  outlet  nniting  itself  with  other  streamlets 
coming  from  other  directions  supplies  }a  second  minor  lake,  the 
waters  of  which  have  already  acquired  a  temperature  of  48°  Fah. 
From  this  lake  issues  a  rivulet  necessarily  increases  importance — 
a^cradles  Hercules  giving  promise  of  the  strength  of  his  maturity, 
for  its  velocity  has  increased;  it  transport  the  smaller  braaches  of 
trees;  it  begins  to  form  sand-bars;  its  bends  are  more  decided  nn- 
til  it  subsides  ^ain  into  the  basin  of  a  third  lake  somewhat  lai^er 
than  the  two  preceding.  Having  here  acquired  renewed  vigor  and 
tried  its  consequence  upon  an  additional  length  of  two  or  three 
miles  it  finally  empties  into  Itasca  Lake,  which  is  the  principal 
reservoir  of  all  the  sources  to  which  it  owes  all  its  subsequent 
majesty." 

Lake  Itasca. 

The  lake  which  is  the  acknowledged  source  of  the  Uississippi 
river,  is  in  no  way'  remarkble.  Not  unlike  some  historical  move- 
ments, whose  beginnings  are  obscure,  thisfriver  which  becomes  a 
marked  feature  of  the  continent,  has  a  htunble  origin. 

Itasca  lake  lies  on  the  northeast  corner  of  T.  143,  N.  range  36, 
W.  5th  meridian. 

It  is  quite  small.  Its  total  length  does  not  exceed  five  miles. 
It  is  from  a  quarter  to  half  a  mile  wide.  The  lake  consists  of  two 
arms  of  unequal  length  uniting  in  a  third  arm  which,  however,  is 
no  larger  or  longer  than  the  othei8.QThe  longest  arm  extends  to 
the  southeast  about  two  and  a  half  miles.  The  shorter  arm  ex- 
tends to  the*  southwest  and  is^  about  a  mile  long.  The  third 
arm  extends  north  from  the  point  where  the  two  arms  already 
mentioned  unite,  and  is  about  two  milesMong. 
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The  inlets  of  the  lake  are  on  the  shorter  or  southwest  arm. 
There  are  five  of  them.  Thej  are  small  streams  draining  the 
swamps  and  springs  in  the  vicinity.  Lftss  than  a  quarter  of  a  mile 
south  of  the  southwest  arm  is  a  little  lake  called  Elk  lake.  It  has 
an  area  of  about  200  acres.  It  is  a  mile  long  and  half  a  mile  wide. 
It  is  a  tributary  of  Itasca  lake  through  a  small  creek  which  con- 
nects them.  Elk  lake  has  two  or  three  small  streams  flowing  into 
it  from  the  south.  The  principal  stream  tributary  to  Ita%a  lake 
directly,  also  flows  from  the  south  and  is  three  or  four  miles  in 
length.  It  is  rather  h  refinement  of  exactness  to  cull  Elk  lake, 
as  some  explorers  have,  the  ultimate  source  of  the  Mississippi. 
Itasca  lake  has  been  in  possession  of  the  honor  so  long,  that  its 
claim  ought  not  to  be  disputed,  and  certainly  it  is  sufficiently  mi- 
nute, remote  and  sylvan  to  answer  all  the  requirements  of  an  ideal 
"source."  The  area  of  Itasca  lake  is  about  1125  acres,  or  not  quite 
two  square  miles  of  water.  It«  depth  varies  from  ten  to  twenty- 
five  feet. 

The  temperature  of  the  w,iter  in  August  was  62'  Fah.,  at  the 
same  time  the  air  was  56'  Fah.  In  July  Mr.  Siegfried  found  wa- 
ter 74'  Fah.,  air  76  F.  There  are  probably  no  springs  in  the 
lake  itself.  The  water,  however,  is  clear  and  wholesome.  A 
dense  forest  of  mixed  hardwood  and  pine  trees  surrounds  the  lake. 
The  immediate  shores  are  not  high,  although  back  a  short  distance 
the  sand  ridges  and  hills  rise  in  some  places  120  feet  from  the  lake. 
Issuing  from  Lake  Itasca  in  a  stream  14  inches  deep  and  16  feet 
wide,  the  infant  Mississippi  flows  nearly  due  north  for  twenty  or 
twenty-five  miles.  Its  banks  are  low,  and  for  some  distance  |on 
either  side  adjacent  lands  are  swamps.  Fallen  trees  and  floodwood 
at  first  somewhat  obstruct  the  channel.  There  are  several  small 
tributaries  inthe  first  fifty  miles,  and  the  river  gradually  becomes 
broader  and  deeper. 

About  twenty-five  miles  (fourteen  miles  in  a  straight  line)  north 
of  Lake  Itasca,  the  river  makes  a  bend  to  the  east  and  continues  to 
flow  in  a  general  easterly  course  as  far  as  the  outlet  of  Lake  Win- 
nebigosis.  a  distance  of  fifty-four  miles  in  a  straight  line  and 
nearly  twice  as  far  by  water. 

Lake  Pemidji  or  '^Lac  Travers." 

Just  before  entering  Lake  Pemidji  the  river  passes  thi-ough  a 
small  lake,  the  first  on  its  course,  named  Lake  Marquette.  Pem- 
idji, or  "LacTravem"    of  the  early  fur  traders,  is  a  beautiful 
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large  sheet  of  water  about  seven  miles  long  by  two  or  three  miles 
wide.  Its  waters  are  clear  and  pure.  It  has  no  islands.  Its  depths 
range  from  12  to  10  feet. 

On  issuing  from  Lake  Pemidji  the  river  is  150  feet  wide  and  it 
continues  to  maintain  a  breadth  of  110  to  150  feet  till  it  reaches 
Lake  Caaa.  Its  depth  varies  from  two  to  six  fee.  For  the  first  15 
or  20  miles  below  Lake  Pemidji  the  river  flows  over  numerous 
granitic  boulders  causing  rapids.  The  current  is  quite  swift  and 
strong. 

Casa  Lake. 

The  river  enters  Cass  Lake  on  the  west  side  about  midway  be- 
tween its  northern  and  southern  limits.  The  lake  is  a  large  one 
and  has  many  bays  and  islands.  U  covers  an  area  of  about  31  6-10 
square  miles.  It  is  longest  from  north  to  south.  Including  Pike 
Bay  its  length  is  not  less  than  twelve  miles. 

The  surrounding  country  is  a  forest  of  elm,  maple  and  pine. 

This  was  the  furthest  point  reached  by  Mr.  Schoolcraft  in  the 
expedition  of  1810.  The  lake  was  then  named  Lake  '^Casaina"  and 
it  was  regarded  for  a  time  as  the  source  of  the  Mississippi. 

The  river  where  it  leaves  Cass  Lake  in  township  146,  range  30, 
Las  a  width  of  173  feet  and  is  8  feet  deep.  Its  banks  are  10  to  12 
ieet  high.  Between  Cass  Lake  and  Lake  Winnebigoshish  the  river 
iias  a  narrow  flood  plain.  A  short  distance  back  from  the  water 
there  is  a  bench  of  higher  land  supporting  a  fine  growth  of  pines. 
The  distance  between  these  two  lakes  in  a  direct  line  is  only  ten 
miles.  Following  the  course  of  the  river  it  is  about  20  miles. 
The  most  attractive  country  near  the  head  waters  of  the  Missis- 
sippi is  between  and  around  these  lakes. 

Lake  Winnebigoshish. 

This  lake — the  second  in  size  in  this  region — has  an  area  of  sev- 
enty-eight and  a  half  square  miles.  It  is  eight  miles  wide  by 
about  twelve  miles  long  from  north  to  south.  The  river  enters  on 
the  southwestern  side  and  leaves  it  at  the  northeast  corner. 

Unlike  most  of  the  lakes  in  this  part  of  the  State,  the  waters  of 
Winnebigoshish  are  not  clear  and  translucent.  The  Indian  name. 
it  is  said,  signifies  "turbid  water".  For  some  distance  out  from 
the  shores  the  lake  is  very  shallow  and  this  fact  taken  in  connec- 
tion with  the  clay  bottom  accounts  for  the  yellowish  white  aspect 
of  the  water.     The  t^tiff  blue  clay  called  "till"  underlies,  at  the 
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depth  of  a  few  feet,  the  sand  and  other  superBcUl  deposits  which 
cover  the  surface  of  the  country.  Aside  from  the  Mississippi  it 
has  three  inlets  called  Turtle  river,  Round  Lake  river  and  Thorn- 
berry  river.  By  natives  and  traders  in  the  vicinity,  this  lake  is 
•called  Winnepeg.  Un  leaving  Lake  Winnebigoshish  the  river 
bends  to  the  southwest.  After  passing  through  a  small  lake  called 
Little  Winnebigoshish  the  river  is  very  tortuous;  the  banks  are 
low  and  marshy.  The  distance  from  Lake  Winnebigoshish  to 
Pokegama  Falls  is  about  65  miles.  About  20  miles  below  the  lake 
the  Leech  Lake  river  enters  from  the  west.  The  river  continues 
to  wind  through  a  vast  marsh  where  there  is  a  dense  growth  of 
grass,  reeds  and  wild  rice.  This  maish  is  about  three  miles  wide 
beyond  which  are  sandy  ridges  with  a  sparing  growth  of  pines. 
The  cnrrent  of  the  river  is  sluf^;i3h.  The  fall  from  Winne- 
bigoshish to  Pokegama  falls  is  but  23  feet.  This  whole  country 
Above  Pokegama  falls  is  a  great  watery  platean,  l^es  abound  in 
«very  direction.  The  diiference  in  level  is  very  slight.  Immense 
swamps  adjoin  these  lakes  and  retain  the  rainfall  so  that  sudden 
rise  and  fall  in  the  lakes  and  streams  is  impossible. 

Leech  Lake  and  Leech  Lake  River. 

The  principal  tributary  to  the  Mississippi  above  Pokegama  falls 
is  the  Leech  Lake  river,  which  is  the  outlet  of  Leech  Lake.  It  is  35 
milefi  long.  It  is  situated  in  the  northern  part  of  Cass  county. 
Its  northern  limit  is  only  five  or  six  miles  south  of  Lake  Winne- 
bigoshish. It  drains  a  large  extent  of  country;  four  large  streams 
and  eight  smaller  ones  Sow  into  it;  the  water  is  pure  and 
wholesome;  its  greatest  depths  are  in  the  southwest  bay,  varyii^ 
from  60  to  100  feet.  The  bays  generally  are  shallow,  varying 
from  6  to  10  feet  in  depth.  The  main  body  of  the  lake  is  from 
10  to  13  feet  deep.  The  extreme  range  between  high  and  low 
water  is  l.T  feet. 

The  western  and  southern  shores  are  high  and  bold.  On  the 
northern  side  there  are  more  marshes  and  the  shores  are  lower. 
Evidences  of  a  former  higher  stage  of  water  are  abundant.  The 
old  shore  line  incloses  marshes  which,  owing  to  the  growth  and 
decay  of  wild  rice,  rushes  and  other  acquatic  plants  are  constantly 
encroaching  on  the  lake  and  diminishing  the  area  of  water. 
Along  the  bold  shores,  and  all  points  where  the  action  of  ice 
and  waves  has  not  been  impeded,  there  are  walls  of  bowlders. 
These  are  mainly  crystallized  rocks,  either  granite  or  gneiss. 
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Forest  Trees. 

The  forest  about  Leech  lake  consiats.  chiefly  of  pine.  The  spe- 
cies Pinus  strobus,  white  pine,  and  P.  reainosa.  Red  or  Norway 
pine,  predominate.  The  balsam  fir,  Abies  balaarnea,  the  tamarack 
Larix  Americana,  the  white  cedar.  Thuja  occtdentalia,  occupy  the- 
swamp  and  low  lands.  The  birch,  poplar  and  maple  BmonK- 
deciduouB  trees  are  found  in  places  on  the  uplands  among  the  pines. 

Leech  lake  has  three  or  f  om*  islands.  The  largest  is  Bear  island 
and  is  about  three  miles  long.  There  is  a  great  vEiriety  of  shore. 
There  are  deep  bays,  and  long  wooded  points,  producing  a  pictur- 
esque intermingling  of  luid  and  water.  (Leech  lake  might  be  rais- 
ed  two  feet  without  injury  to  any  adjacent  shore.) 

Pokegama  Falls. 

From  the  mouth  of  Leech  Lake  river  to  Pokegama  Falls,  a  dis- 
tance of  45  miles,  the  MissiBsippj  continues  to  wind  through  a 
great  morass.  The  current  is  slow,  owing  to  the  tortuous  course 
of  the  river  and  the  very  slight  slope;  the  fall  is  only  13|  feet  in 
the  45  miles.  At  Pokegama  Falls  the  river  plunges  over  the 
first  exposure  of  rock  seen  in  descending  its  course.  It  is  a 
quartzyte  or  metamorphic  sandstone  formation  bearing  N.  E.  and 
S.  W.  There  is  no  perpendicular  fall  of  the  river  here,  but 
through  a  narrow  chute  the  river  rushes  with  great  velocity, 
falling  14  feet  in  a  distance  of  880  feet.  The  altitude  of  Poke- 
gama falls — head  of  falls — above  the  sea  is  1866,71  feet. 

The  exposure  of  quartzyte  seen  at  Pokegama  falls  is  more  finely 
displayed  on  the  Prairie  river,  a  tributary  which  enters  the  Missis- 
sippi from  the  east,  two  or  three  miles  below  the  falls. 

Below  Pokegama  falls  are  the  Grand  Rapids.  There  is  no  rock 
in  place  here,  but  the  channel  is  obstructed  by  bowlders,  over 
which  the  water  rushes,  falling  five  feet  in  a  distimce  of  1750  feet. 
Grand  Rapids  is  the  head  of  navigation  ou  the  upper  Mississippi. 

A  notable  change  in  the  aspect  of  the  river  and  the  adjacent 
country  occurs  below  the  falls.  Some  outlines  of  a  valley  appear; 
there  are  bottom  lands  covered  with  elm,  ash,  birch,  basswood  and 
spruce  trees,  while  beyond  are  higher  ridges  and  levels  on  which 
the  pine  finds  a  congenial  habitat. 

The  banks  of  the  river  are  generally  higher  than  above  the  falls, 
and  the  slope  averages  six  inches  to  the  mile  as  far  down  as  the 
mouth  of  the  Mud  river,  near  Aitken,  on  N.  P.  R.  R.     The  river 
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IB  very  crooked,  but  its  general  direction  below  the  falls  is  first 
southeast,  then  south  and  southwest  to  Aitken.  It  is  150  miles 
by  river  from  the  falls  to  Aitkeu.  The  area  of  the  watershed  of 
the  river  in  this  distance  is  2,500  sq,  miles. 

The  principal  tributaries  between  Pokegama  falls  and  Aitken 
are : 

On  the  east  bank,  in  descending  order:  Prairie,  Wild  Swan, 
Sandy  Lake,  Rice  and  Mud  rivers. 

On  the  west  side  are:     Split-Hand?  and  Willow. 

A  brief  notice  of  these  rivers  is  all  that  can  be  allowed  in  this 
chapter. 

Prairie  River. 

The  Prairie  river  has  its  sources  in  the  innumerable  small  lakes 
and  marshes  north  of  Pokegama  Falls.  It  has  a  swift,  strong  cur-, 
rent,  and  in  time  of  high  water  brings  down  a  lai^e  volume  to 
swell  the  Mississippi,  which  it  enters  about  three  miles  below 
Pokegama  falls. 

The  Wild  S>ran  River. 

The  Swan  river  rises  in  Swan  Lake  or  rather  in  the  tributaries 
of  that  lake,  and  flowing  in  a  southerly  direction  parallel  with 
-the  MiBsissippi  for  25  or  30  miles,  finally  bends  to  the  west  near  its 
mouth  and  enters  the  Mississippi  about  midway  between  Grand 
Rapids  and  the  outlet  of  Sandy  lake,  in  Tp.  52,  R.  13. 

Sandy  Lake  River. 

Sandy  Lake  river  is  the  outlet  of  Sandy  lake,  86  miles  below 
Orand  rapids.  The  lake  has  several  important  affluents.  The 
Sandy  river  flows  into  the  lake  from  the  south.  The  N.  P.  R.  R. 
passes  on  its  head-waters  between  Kimberlr  and  Island  lake  sta- 
tions. I^  the  early  history  of  the  northwest  thb  lake  had  consid- 
«rable  celebrity  as  a  trading  post. 

Rice  River. 

Rice  river  rises  in  Rice  Lake,  and  the  watershed  east  of  Mille- 
Lac  which  divides  the  waters  flowing  into  St.  Crois  from  those  of 
the  Mississippi.    It  enters  the  river  north  of  Aitken. 
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Mud  River. 

The  Mud  River  iian  its  heud-waters  in  the  region  near  the 
northern  end  of  Mille  Lac.     Ita  general  course  is  north. 

Willow  Rirer. 

Willow  River  is  the  largest  of  these  afBuents.  Its  sources  are- 
southwest  of  Pokegama  Falls.  It  drains  a  large  territory  covered 
with  a  dense  growth  of  pinea.  Its  general  course  is  south  and 
parallel  with  the  Mississippi  which  it  enters  about  125  miles  helow 
Qrand  Rapids. 

In  connection  with  this  description  of  the  physical  features  of 
the  upper  Mississippi,  some  account  of  the  proposed  "reservoir 
system"  seems  appropriate. 

According  to  the  "Report  of  the  Chief  of  Engineers"  for  1879 
it  is  proposed  to  construct  drains  for  the  purpose  of  restraining 
and  storing  the  waters  of  the  Mississippi  at  the  following  named 
points:  outlet  ofLake  Winnebigoshish;outlet  of  Leech  Lake;Miss-- 
issippi  river  below  Vermillion  river;  Mississippi  river  at  the  head 
of  Pokegama  Falls. 

In  addition  to  these  dams  are  proposed  on  Pine  river  and  at 
Gull  Lake.  In  estimating  the  effect  of  the  reservoirs  on  the  river 
the  last  two  are  not  taken  into  account. 

The  area  and  storage  capacity  of  the  four  reservoirs  above- 
Pokegama  Falls  is  stated  as  follows: 

1.  The  dam  at  the  outlet  of  Lake  Winnebigoshish  is  to  be  14 
feet  high  and  1,111  feet  long.  This  would  pond  the  water  np 
through  the  Mississippi  river  into  Cass  Lake. 

Reservoir  capacity,  45,754,204,380  cu.  ft. 
Area  of  reservoir  surface,  4,  312,701,360  sq.  ft. 
Aree  of  the  basin  of  supply,  527,459,828.800  sq.  ft. 

2.  The  dam  at  the  outlet  of  Leech  Lake  is  to  be  4  feet  high 
and  3,300  feet  long. 

Reservoir  capacity,  22,567,564,800  cu.  ft. 
Area  of  reservoir  surface,  6,091,430,400  sq.  ft. 
Area  of  basin  of  supply,  27,906,278,400  sq.  ft. 

3.  The  dam  on  Leech  Lake  River  below  Mud  Lake  is  to  be  & 
feet  high  and  1000  feet  long. 

Reservoir  capacity,  3,885,414,400  cu.  ft. 
Area  of  reservoir  surface,  480,902,400  sq.  ft, 
Area  of  basin  of  supply,  4,460,544,000  sq.  ft. 
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4.  The  dam  on  the  Miaaisaippi  river  below  the  mouth  of  the 
Vermillion  ri^er  is  to  be  10  feet  high  and  2,300  feet  long. 

Reservoir  capacity,  5.770,823,800  en.  ft. 
Area  of  reservoir  surface,  961,804,800  sq.  ft. 
Area  of  supply  baain,  12,071,346,800  sq.  ft. 

5.  The  dam  at  Pokegama  Falls  ia  to  be  7  feet  high  and  400 
feet  long. 

The  total  available  supply  of  water  from  these  five  reservoire  is 
computed  in  round  numbers  to  be  70,000,000,000  cubic  feet.  This 
would  furnish  for  a  period  of  120  days,  between  the  first  of  July 
and  the  first  of  November,  a  supply  of  6,750  cubic  feet  per  second, 
in  the  river  below  the  falls.  The  low  water  flow  at  St.  Paul, 
vhere  a  continuous  record  of  gauge-readings  has  been  kept  since 
1872,  is  5,800t!ubic  feet  per  second.  In  October  1878  the  measured 
discbarge  at  St.  Paul  was  6,150  cubic  feet  per  second.  Adding 
the  reservoir  supply  to  the  low  water  discharge,  we  get  as  a  result 
a  steady  flow  of  12  to  13,000  cubic  feet  per  second,  past  St.  Paul 
during  the  low  water  season  between  .luly  and  November. 

It  is  proposed  to  shut  olF  the  entire  Miaaisaippi  between  Decem- 
ber first  and  July  first  and  store  the  low  vrater  discharge  as  wi  11  as 
rainfall  during  that  period.  It  ia  believed  that  early  spring  navi- 
gation between  Aitken  and  Grand  Rapids  would  not  be  injuriously 
affected  by  this  retention  of  the  water  above  Pokegama  Falls, 
inasmuch  as  the  area  of  the  Mississippi  basin  between  Pokegama 
and  Aitken  is  2,500  square  miles,  and  there  are  several  important 
affluents,  already  described  in  this  distance.  It  is  thought  there- 
fore that  previous  to  July  first  the  Mississippi  below  Pokegama 
will  have  sufficient  water  for  navigation  without  the  flow  that 
naturally  comes  over  the  falls. 

The  data  for  computing  the  amount  of  surplus  water  in  the  res- 
ervoirs on  the  first  of  Jnly,  may  require  modification.  It  is  as- 
sumed that  the  mean  annual  rainfall  for  the  upper  Missl-^sippi 
baain  is  25  inches  and  that  about  one-third  of  this,  or  0.7  ft.,  finds 
ita  way  into  the  streams  and  rivers.  The  amount  lost  by  evapora- 
tion is  at  present  unknown.  The  amount  whi<?h  will  be  absorbed 
by  the  overflowed  lands  can  only  be  determined  by  experiment. 

Notwithstanding  these  and  other  obscure  and  doubtful  elements 
in  the  problem,  it  appears  reasonable  that  a  sufficient  amount  of 
water  can  be  stored  to  give  the  Mississippi  at  St.  Paul  a  steady 
flow  during  the  dry  season  of  10  to  13,000  cubic  feet  per  second. 
This  would  be  a  great  gain  both  to  commerce  and  manufactures  in 
our  stat«. 
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Pine  River. 


The  only  other  important  affluent  of  the  Mississippi  above 
Brainerd  is  the  Pine  river  which  forms  the  outlet  of  a  chain  of 
lakes  of  which  Whiteiish  and  Gross  lakes  are  the  largest.  Pine 
river  drains  an  area  of  ahout  600  sq.  miles.  Its  general  direction 
is  east  and  south;  it  enters  the  river  ahout  midway  between  Aitken 
and  Brainerd.  The  general  course  of  the  Mississippi  between 
these  points  is  west.  The  pine  river,  therefore,  entera  from  the 
north.  It  is  a  rapid  stream.  Its  measured  low  water  volume  was 
782  cu.  ft.  per  second. 

In  this  stretch  of  the  river  there  three  notable  rapids. 

1.  Big  £dd;  Rapida.  where  the  fall  is  5.15  ft.  per  mile  for  half 
a  mile. 

2.  Island  Rapids,  which  are  3000  feet  long  and  the  slope  4.63 
ft.  per  mile  for  the  first  800  feet. 

3.  French  Rapids,  about  400  feet  long  and  the  slope  averages 
about  6  ft.  per  mile. 

Some  conception  of  the  volume  of  the  river  in  this  upper  rigion 
may  be  derived  from  noting  the  discharge  in  cubic  feet  per  second 
at  various  points  of  observation  on  the  river.  The  following  table 
is  from  report  of  chief  of  engineers  U.  S.  A.,  1879. 

DISOHARQE  OF  THE  UI83I8BIPPI  RIVER. 
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Tlie  Minnesota  River. 

A  amall  stream  about  twenty  feet  wide  and  from  one  to  two 
feet  deep,  enters  Brown 'b  Valley  one  mile  below  Lake  Trarerae 
from  the  nortbweat,  and  after  making  Reveral  bends,  empties  its 
waters  into  Big  Stone  Lake.  This  stream  is  the  Minnesota  river 
at  its  beginning.  It  drains  the  uplands  that  stretch  away  to  tbe 
conteau  northwestward  from  Big  Stone  Lake.  It  has  several 
af&uents,  and  drains  an  area  of  310  square  milee. 

Brown's  Valley  is  about  Rve  miles  long,  and  from  one  two  miles 
wide.  The  valley  is  nearly  level  and  is  elevated,  in  general,  from 
15  to  20  feet  above  the  lakes  on  either  side.  Its  soil,  gravel-ridges 
and  sloughs  give  evidence  that  it  was  once  tbe  bed  of  a  great 
river.  At  present  it  is  dry.  except  times  of  very  high  water,  when 
the  infant  Minnesota  overflows  its  banks,  and  the  lakes  are  raised 
to  the  highwater  level.  In  these  circumstances  the  sloughs  and 
marshes  are  filled,  and  there  is  a  water  connection  through  them 
between  Lac  TraverH  and  Big  Stone. 

This  connection  is,  however,  only  temporary  and  incidental.  The 
outlet  of  Lac  Travei^e  is  through  the  Bois  de  Sioux  into  the  Red 
River  of  the  North.  The  elevation  above  the  sea  is  1000  feet, 
while  that  of  Big  Stone  is  992,  making  a  difference  of  8  feet. 
But  the  filling  up  of  Brown's  Valley  with  alluvium  and  silt  of  the 
old  river  has  constituted  here  a  "divide"  or  water-parting,  so  that 
Lac  Travers  has  become  a  part  of  the  Hudson's  Bay  system,  while 
Big  Stone  remains  loyal  to  the  Mississippi. 

Big  Stone  Lake  (Injan  Tonka)  is  so  named  on  account  of  the 
exposure  of  granite  about  one  and  a  half  mites  below  the  outlet  of 
the  lake,  where  the  rock  outcrops  in  large  round  and  glaciated 
masses,  which  rise,  in  some  instances,  from  40  to  60  feet^above  the 
river.  The  lake  is  about  26  miles  long,  and  from  a  mile  to  a  mile 
and  a  half  wide.  Its  greatest  depth  is  abovt  30  feet.  Its  basin  is  the 
trough  excavated  by  a  glacial  river  which  formerly  drraned  the 
Bed  River  valley.  Oen.  Warren  and  others  have  suggested  that 
the  silting  up  of  the  valley  just  below  the  lake,  at  the  mouth  of 
the  Whetstone,  by  tbe  sediment  brought  down  by  that  tributary 
may  account  for  the  existence  of  Big  S''one  Lake. 

The  blu£&  which  enclose  the  whole  valley  on  both  sides  are  here 
from  125  to  150  feet  high.  The  descent  is  gradual  at  some  points, 
abrupt  at  others ;  or  they  rise  from  the  lake  shore  almost  perpen- 
dicular to  it,  for  40  or  50  feet,  and  then  slope  away  to  the  summit. 
The  shores  are  wooded,  and  walled  with  boulders.     There  are  sev- 
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eral  small  streams  entering  the  Uke  through  deep  ravines.  At  the 
lower  end  are  several  wooded  islands;  the  largest  (Chamberline's) 
contains  about  125  acres.  Another,  called  "Paradise  Island" 
contains  about  70  acres.  Ortonville  and  Big  Stone  City  are  situated 
at  the  foot  of  the  lake.  At  the  outlet  of  the  lake,  the  Minnesota 
is  about  20  feet  wide  and  flowa  through  a  marsh  which  extends 
between  the  blufla-for  a  distance  of  two  miles. 

The  general  course  of  the  river  is  southeast,  until  at  Mankato  it 
bends  to  the  northeast  and  continues  in  that  course  till  it  reaches 
its  junction  with  the  Mississippi  at  Fort  Snelling.  The  first  tribn- 
tary  to  the  Minnesota  below  the  lake  is  the  Whetstone  (Izuzu) 
which  enters  the  valley  through  a  deep  ravine  on  the  west  or  right- 
hand  side.  It  has  its  sources  near  the  Dakota  Coteau  and  is  about 
25  feet  wide  at  its  mouth.  In  low  water  its  depth  is  2  to  3  feet 
rising,  in  freshets,  to  8  and  10  feet.  Its  area  of  watershed  is  110 
sq.  mi.  Below  the  Whetstone  the  valley  is  about  a  mile  and  a 
half  wide  while  the  river  is  less  than  50  feet  wide.  Ledges  of 
granite  and  granite  boulders  are  numerous  in  the  hollow  lands. 

The  Yellow  Earth  River  {Mankareoza\ 

is  sometimes  called  the  Yellow  Bank.  The  Indians  also  called  it 
Chra  Wakon  spirit  mound  on  account  of  a  hill  near  its  source. 
At  its  confinence  with  the  Minnesota  it  is  about  25  feet  wide. 
It  has  its  source  near  the  coteau  and  its  course  is  among  gravelly 
hills  and  ridged  in  the  western  townships  of  Lac  qui  Parle  county. 
Its  waters  comprises  about  340  square  miles. 

Proceeding  down  the  river  some  three  or  four  miles  below  the 
Yellow  £arth,  we  come  to  a  broad  marsh  about  one  mile  wide  and 
four  miles  long.  The  valley  of  the  Minnesota  at  this  point  is  3^ 
miles  vride,  whilethe  river  is  from  50  to  60  feet  wide. 

The  Fmnme  de  Terre  (Tipsina) 

river  has  its  sources  in  Turtle  Lakes,  Wall  lakes  and  Eagle  lake  in 
Otter  Tail  county. 

Its  course  is  almost  directly  south  and  it  drains  an  iirea  of  about 
1000  square  miles.  It  enters  the  Minnesota  valley  on  the  left 
through  a  deep  ravine,  and  has  brought  into  it  a  vast  amount  of 
sediment,  which  has  probably  caused  the  existence  of  the  marshy 
lake  before  described,  above  its  mouth.  At  its  confluence  with  the 
Minnesota  the  Pomme  de  Terre  is  35  feet  wide.    At  this  point 
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twenty  milee  below  the  outlet  of  the  lake  the  Minnesota  has  a 
volume  of  42  cubic  feet  per  aecond  in  low  water, 

Lac  qui  Parle,  or  the  Lake  that  Talks. 

The  name  is  said  to  be  a  translatioa  of  a  Dakota  word,  signifying 
echoes.  Others  hold  that  the  name  was  given  by  French^  traders 
on  account  of  the  resounding  of  waves  on  a  rocky  point  of  the 
shore. 

The  lake  is  an  expansion  of  the  Minnesota  River,  caused  by  the 
barrier  of  sand  and  silt  which  has  been  brought  into  the  valley 
by  the  Lac  qui  Parle  River.  It  is  eight  miles  long.  Its  width  va* 
ries  from  one-half  to  three-fourths  of  a  mile.  Its  greatest  depth 
is  about  12  feet.  At  the  upper  end  of  the  lake  ore  extensive  marsh- 
es and  there  is  considerable  low,  wet  land  about  the  lake,  which 
is  flooded  in  seasons  of  high  water.  Granite  exposures  occur  on 
the  south  side  and  near  the  foot  of  the  lake  there  is  a  low  outcrop 
on  both  sides  which  is  submerged  except  during  the  dry  season. 

Lac  qui  Parle  {Inlpah)  River. 

It  is  said  that  the  Indians  gave  this  river  the  name  Cha  Intpah, 
signifying  the  last  wooded  stream.  It  is  the  last  in  ascending  the 
river  which  had  timber  on  its  banks  in  any  considerable  amount. 
The  river  enters  the  Minnesota  Valley  on  the  right  bank  just 
below  the  foot  of  the  lake. 

The  Lac  qui  Parle  River  is  an  important  af&uent.  It  drains  an 
area  of  830  square  miles  in  Lac  qui  Parle  and  the  western  part  of 
Yellow  Medicine  coonties.  Its  sources  are  among  the  hills  and 
ridges  on  the  western  boundary  of  the  State  in  Canby  and  Lincoln 
counties. 

Its  general  course  is  north  and  northeast.  Its  valley  varies 
from  an  eighth  to  a  fourth  of  a  mile  wide,  and  it  has  a  fall  of  six 
to  eight  feet  per  mite.  In  the  season  of  high  water  it  pours  a 
large  quantity  of  grave)  and  silt  into  the  Minnesota  which  has 
probably  occasioned  the  existence  of  the  lake  by  filling  up  the 
valley  and  thus  causing  a  barrier  opposite  the  mouth  of  the  Lac 
qui  Parle  River.  The  valley  of  the  Minnesota  is  only  one  and  a 
half  miles  wide,  and  there  is  an  island  dividing  the  ancient  channel. 
The  Minnesota  flows  through  the  right  channel;  the  Chippewa 
comes  into  the  left  channel  and  joins  the  Minnesota  at  the  foot  of 
the  island  12  miles  below  the  lake. 
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The  Chippewa  River 

has  its  headwaters  in  the  small  lakes  id  the  northeni  part  of 
Donglas  county.  The  sources  of  the  Chippewa  are  80  mileB  in  a 
direct  line  from  its  mouth.  It  drains  an  area  of  2,000  square 
miles,  comprising  some  of  the  most  fertile  and  prodnctive  lands  in 
the  state.  Its  watershed  includes  the  weatem  part  of  Douglas,  all 
of  Pope  and  a  large  share  of  Swift  and  Chippewa  counties. 

Two  branches  unite  near  Benson  to  form  the  main  river.  The 
west  branch  is  the  larger  and  has  its  source  in  the  north  part  of 
Douglas  count;.  The  east  branch  has  its  sources  in  the  east«m 
part  of  Pope  county.  The  country  drained  by  these  branches  is 
rolling  and  hilly.  It  is  the  morainic  deposit  described  elsewhere. 
The  river  descends  more  than  400  feet  from  its  source  to  its  con- 
fluence with  the  Minnesota.  In  the  western  part  of  Douglas  county, 
St.  P.,  M.  &  M.  R.  R.  crossing,  the  elevation  of  the  river  is  1389 
feet  above  the  sea.  At  Benson  the  elevation  is  1021  feet.  At  its 
junction  with  the  Minnesota  939  feet,  showing  a  fall  of  400  feet. 

The  valley  of  the  Chippewa,  like  that  of  the  Minnesota,  appears 
to  have  been  the  course  along  which  a  glacial  river,  issuing  from 
the  retreating  ice-fields,  poured  its  floods  of  water.  The  valley  is 
often  from  a  fourth  of  a  mile  to  a  mile  wide,  and  could  not  have 
been  eroded  by  the  river  as  it  now  is. 

Ten  miles  below  the  Chippewa  the  Minnesota  valley  become 
much  narrower.  The  river  itself  is  about  100  feet  wide  and  there 
are  numerous  outcrops  of  granite,  a  succession  of  reefs  over  which 
the  water  flows  with  rapid  current.  This  is  one  of  the  most 
interesting  points  in  the  valley.  The  granite  masses  rise  from  30 
to  75  feet  in  height  and  are  a  picturesque  relief  to  the  eye.  The 
head  of  the  rapids  is  in  T.  116,  R.  30,  see.  30.  The  distance  from 
this  point  to  the  foot  of  Minnesota  Falls  is  6.38  miles  and  the 
total  fall  in  the  distance  is  49.7S  feet.  Here  are  located  the 
thriving  towns  of  Granite  Falls  and  Minnesota  Falls  with  their 
valuable  water-powers.  The  river  makes  several  sharp  bends 
within  the  valley,  but  the  general  southeast  course  remains  un- 
altered. 

The  Yellou-  Medicine 

Elnters  the  Minnesota  20  miles  below  the  Chippewa.  Its  sources 
are  among  the  hills  and  basins  of  Lincoln  county.     It  drains  parts 
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of  Lincoln,  Lyon  and  Yellow  Medicine,  au  area  altogetlier  of  650 
square  miles.     Its  general  coune  is  north  of  east. 

At  the  juuction  of  the  Yellow  Medicine  and  Minnesota  on  the 
bluf^  overlooking  the  valley,  was  located  the  upper  Sioux  agency, 
famous  in  the  earlier  history  of  the  state,  and  the  scene  of  a  tem- 
ble  tragedy  in  the  Indian  outbreak  in  1862. 

The  volume  of  water  in  this  river  is  variable.  The  high  water 
marks  indicate  that  it  rises  10  or  12  feet  above  its  low  water  level. 


Hawk  Creek  (Chetomba). 

Half  a  mile  below  the  mouth  of  the  Yellow  Medicine  Hawk 
Creek  enters  the  Minnesota  from  the  north.  Its  sources  are  in 
the  southwestern  part  of  Kandiyohi  and  it  drains  also  parts  of 
Chippewa  and  Renville  counties,  an  area  of  about  470  sqnare 
miles.     It  has  eroded  a  deep  channel  through  the  bluffs. 

From  the  foot  of  Minnesota  falls  to  the  mouth  of  the  Yellow 
Medicine  river,  the  distance  is  about  4^  miles,  and  to  the  mouth  of 
the  Redwood  it  is  25  miles.  There  are  two  sets  of  rapids  where 
ledges  of  gneiss  occur.  The  first  is  called  Patterson's  rapids,  and 
four  miles  below  these  are  Brown's  rapids.  The  average  slope  of 
the  river  along  this  part  of  its  course  is  a  little  over  2  feet  to  the 
mile.  Several  small  streams  from  the  river  below  Hawk  creek. 
Bice  creek.  Boiling  Springs  creek  and  Sacred  Heart  creek.  The 
high  water  mark  of  the  Minnesota  above  the  Uedwood  is  24  feet 
above  the  low  water  level.  The  measured  discharge  of  the  river 
in  low  water,  was  217  cu.  ft.,  per  second. 

The  Redwood  River. 


The  Redwood  has  its  sources  hi  the  western  part  of  Lyon  coun- 
ty, in  the  same  hilly  region  from  which  the  Cottonwood  and  Yel- 
low Medicine  descend.  Its  general  course  is  east,  and  parallel 
with  the  rivers  first  named.  It  drains  an  area  of  770  square  miles, 
lying  in  Lyon  and  Redwood  counties. 

The  gorge  at  Redwood  Falls  ia  two  miles  long.  The  river  haa 
worn  its  way  down  into  the  granite,  and  falls  a  hundred  feet  in 
half  a  mile.  The  total  fall  from  the  top  of  Cook's  milldam  to  the 
Minnesota  river  is  125  feet.  The  water  powers  here  are  v^uable, 
and  the  place  is  unsurpassed  by  anything  in  the  State  for  its  wild 
and  picturesque  beauty. 
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Beater  Creek 

Enters  the  Minnesota  three  miles  below  the  Redwood,  from  the 
north.  It  is  30  feet  wide  at  its  mouth.  It  drains  an  area  of  210 
aqunre  miles  in  Renville  county.  From  the  Redwood  to  the  Big 
Cottonwood  the  distance  is  about  40  miles,  and  the  fall  of  the  river 
35.75  feet. 

The  river  averages  150  feet  in  width,  while  the  valley  varies 
from  a  mile  to  a  mile  and  a  half  wide.  The  low  water  discharge 
of  the  river  at  Ft.  Ridgelj  which  is  situated  about  half  way  be- 
tween the  afBuents  above  named,  was  found  to  be  253  cubic  feet 
per  second,  and  just  above  the  Cottonwood,  307  cu.  ft,  per  second. 
As  the  granites  and  gneisses  of  this  valley  are  described  and 
classified  in  another  chapter,  no  attempt  is  made  to  recount  their 
^pearance,  and  characteristics  here,  although  they  constantly 
form  a  very  striking  and  picturesque  feature  of  the  scenery.  The 
last  exposures  of  these  rocke  seen  in  descending  the  river,  is  about 
four  miles  below  Ft.  Ridgley. 

The  Cottonwood  River.  (  Waraju) 

Its  numerous  sources  are  chiefiy  in  Lyon  county.  Its  general 
course  is  east.  It  drains  an  area  of  980  square  miles  in  Lyon, 
Redwood,  Brown  and  Cottonwood  counties.  Its  confluence  with 
the  Minnesota  is  three  mile  below  New  Ulm,  where  it  is  120  feet 
wide.  The  volume  of  water  varies  with  the  season.  In  times  of 
freshet  it  rises  10  feet  or  more  above  low-water,  and  pours  a  rapid 
flood  into  the  main  river. 

The  Blue  Earth  River, 

is  the  largest  tributary  to  the  Minnesota.  It  has  many  branches; 
some  of  them  nearly  or  quite  as  large  as  the  main  stream.  There 
is  here  a  remarkable  confluence  of  several  rivers  flowing  from  the 
west,  south  and  east,  to  a  common  center  where  they  combine  and 
discrage  their  united  volume  into  the  Minnesota.  The  drainage 
basin  of  this  system  comprises  Watonwan,  Martin,  Blue  Earth, 
Fairbault  and  Waseca  counties.  The  total  area  of  the  watershed 
is  3350  square  miles. 

The  stream  which  bears  the  name  of  the  Blue  Earth  rises  near 
the  Iowa  boundary  line,  and  its  general  course  is  nearly  north. 
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Its  principal  affluents  on  the  west  bank  named  in  descending 
order,  are  the  West  Fork  of  the  Blue  Earth,  Badger  Creek,  South 
Creek,  Centre  Creek,  Elm  or  Chain  Creek,  and  the  Watonwan 
River.  Theae  drain  Martin  and  Watonwan  counties.  The  tribu- 
taries of  the  Blue  Earth  on  the  east  bank  named  in  descending 
order,  are  Coon  creek.  East  Fork  and  Le  Sueur  river.  Of  these 
the  most  important  is  the  Le  Sueur,  which  joins  the  Blue  Earth 
three  miles  above  its  mouth,  and  and  at  their  confluence  is  the 
largest  stream. 

The  Le  Sueur  has  its  source  in  the  southern  part  of  Waseca 
county.  Its  course  is  north,  then  west.  It  mak^  a  rather  large 
bend  in  Blue  Earth  county,  and  is  joined  hist  by  the  Cobb  river 
then  by  the  Maple  river,  at  a  point  about  six  miles  south  of  Man- 
kato. 

The  Cobb  and  Maple  rivers  have  their  sources  in  the  northern 
part  of  Faribault,  and  flow  nearly  parallel,  in  a  northerly  course, 
till  they  join  the  Le  Sueur. 

At  the  month  of  the  Blue  Earth  the  Minnesota  bends  to  the 
north,  and  takes  a  general  northeast  course  to  its  junction  with 
the  Mississippi.  The  cause  of  this  deflection  of  its  course  is  ex- 
plained by  the  geological  formations  here,  as  set  forth  in  another 
chapter.  Below  Mankato  the  Minnesota  has  few  important  tribu- 
taries.    Its  drainage  area  is  now  much  more  limited. 

The  principal  affluents,  in  their  order  descending  the  river,  are 
the  following:  The  Shanaska,  a  small  stream  entering  the  Minne- 
sota, from  the  east,  at  Kaaota,  in  Le  Sueur  county.  It  is  the  out- 
let of  Lake  Washington.    It  has  two  water  powers. - 

Cherry  Creek  enters  the  Minnesota  from  the  east  at  Ottawa.  It 
rises  in  the  small  lakes  in  Cleveland  and  drains  an  area  of  about 
60  square  miles. 

Little  LeSueur  creek  drains  the  ndrtbem  part  of  LeSueur  coun- 
ty, an  area  of  114  square  miles  and  finds  the  river  at  LeSueur.  It 
has  two  small  water  powers. 

Rush  river  drains  the  northeast  part  of  Sibley  county,  an  area 
of  102  square  miles  and  enters  the  river  from  the  west. 

High  Island  Creek  has  its  source  at  High  Island  Lake  or  Auburn 
Lake.  It  drains  an  area  of  75  square  miles  in  northeastern  part  of 
Sibley  county  and  joins  the  Minnesota  Erom  the  west. 

Sand  Creek  drains  an  area  of  234  square  miles  in  Scott  county 
and  enters  the  Minnesota  from  the  east  near  the  Little  Rapids 
above  Chaska.     It  has  three  water  powers.     Carver  Creek  drains 
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160  aqnare  miles  in  Carver  county.  Its  sources  are  the  lakes  of 
Wacoaia.     There  tire  two  small  water  powers. 

Credit  river  Sows  uorth  and  joins  the  Minnesota.  It  drains  140 
square  miles  in  the  eastern  part  of  Scott  county.  It  has  one  water 
power  at  Hamilton  where  it  nnitea  with  the  Minnesota. 

Nine  Mile  creek  drains  12  square  miles  of  Hennepin  county  and 
finds  the  Minnesota  from  the  west,  being  the  last  affluent. 

The  Red  River  of  the  Xorfk  and  its  Tributaries  Above  its  Junction 
With  the  Bois  de  Sioux  at  Breckenridge. 

This  is  considered  by  some  authorities  as  a  distinct  river  and  is 
called  the  Otter  Tail  river.  In  various  reports  of  "the  War  De- 
partment by  engineers  and  others,  the  Red  River  is  said  to  have 
its  source  in  Lake  Traverse  and  the  Otter  Tail  river  is  regarded  as 
a  tributary-  Dr.  Owen,  in  his  geological  report  of  Wisconsin, 
Iowa,  and  Minnesota  makes  Otter  Tail  lake  the  source  of  thee  Red 
River.  H  makes  no  mention  whatever  of  the  section  of  the  river 
above  OtterTail  lake,  and  remarks  of  the  Red  River  which  he  de- 
scended from  Otter  Tail  lake  to  Pembina  that  it  was  called  by  the 
Indians  "The  Otter  Tail." 

The  ultimate  sources  of  this  stream  ure  not  more  thui  ten  or 
twelve  miles  west  of  the  headwaters  of  the  Mississippi  in  T.'^43, 
R.  38.  There  is  in  thi»  part  of  the  State  a  rolling,  undulating  tract, 
generally  elevated  between  1,500  and  1,600  feet  above  the  sea. 
The  hills  and  ridges  rise  variously  from  25  to  100  feet  above  the 
intervening  lakes.  There  are  numerous  swamps  and  marshes  and 
lakelets,  and  the  whole  region  is  nearly  forest-covered.  Here, 
within  a  radius  of  a  dozen  miles,  the  Mississippi  river,  the  Red 
river,  the  Wild  Rice  river,  the  Shell  river  and  the  Bu%lo  river 
have  their  sources. 

There  is  a  small,  nameless  lake  about  sit  miles  north  of  Elbow 
Lake,  where  the  river  has  its  ultimate  source.  The  stream  flows 
south  and  passes  through  Elbow  lake.  Many-point  lake  and  Round 
lake  in  the  order  named.  Its  course  then  trends  southwest:  it 
passes  through  Height  of  Land  lake  and  continues  in  the  same 
general  direction  some  15  or  18  miles  further  till  it  is  crossed  by 
the  N.  P.  R.  R.  at  Frazee.  The  course  of  the  river  is  thence 
southeast  as  far  as  Pine  lake,  and  thence  south  to  Otter  Tail  lake. 
The  elevation  of  the  river  bed  above  the  sea  near  Perbam  is 
1,327  feet.    The  elevation  of  Otter  Tail  lake  is  1,335  feet. 

Thus  far  the  river  has  no  clearly  marked  valley.     It  flows  in  a 
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dtaimel  eroded  by  its  own  agency  in  the  drift.  The  banks  vary 
from  6  to  20  feet  high.  Sometimea  there  are  swamp-like  expan- 
sions at  one  side  or  the  other  of  the  stream.  At  other  points  the 
banks  are  perpendicnlar  or  abrupt  and  the  river  has  eroded  the  side 
of  a  bluff.  But  in  general  the  characteristics  of  the  river  are  those 
simply  of  a  drainage  channel,  carrying  off  the  surplus  waters  of  the 
region.  It  is  commonly  termed  the  Otter  Tail  creek  above  the  lake. 
Below  Otter  Tail  lake  the  Bed  river  assumes  a  somewhat  differ-  . 
«nt  character.  Having  received  in  the  lake  itself  two  important 
affluents,  it  flows  out  at  the  southern  extremity  a  swift,  strong 
current  between  moderately  high  bluSs. 

The  country  through  which  the  river  winds  is  exceedingly  hilly 
and  rough.  The  morainic  deposits  are  composed  of  clay,  sand  and 
gravel,  and  the  river  eroding  the  sides  of  these  hills  and  bluSs,  be- 
comes colored  by  the  earthy  matter  held  in  auspenaion,  so  that  it 
is  milky  or  whitish-yellow  in  appearance.  It  passes  through  three 
or  four  lakes  which  are  tittle  nMre  than  expansions  of  the  river 
where  the  conformation  of  the  surface  favored  the  spreading  out 
of  the  water.  Owen  finds  ten  of  these  lakes,  but  some  of  them 
must  have  disappeared,  for  at  present  there  are  only  three  or  four 
places  that  can  claim  that  distinction.  The  descent  is  quite  ap- 
preciable and  the  current  generally  rapid.  In  fairly  high  water 
the  river  rushes  along  with  great  power,  and  a  ride  in  a  batteau  is 
AH  exhilarating  pleasure.  The  fall  from  Otter  Tail  lake  to  Fergus 
Falls  is  144  feet,  the  elevation  at  Fergus  being  1,181  feet  above 
the  sea.  The  general  course  of  the  river,  as  may  be  seen  by  a 
glaace  at  the  map,  is  generally  southwest,  but  meantime  the  wind- 
ings of  the  channel  direct  its  current  toward  nearly  every  point 
of  the  compass.  Its  flood-plain  as  a  rule  is  coextensive  with  its 
valley,  which  has  been  entirely  eroded  apparently  by  the  present 


The  lakes  of  Minnesota  form  a  very  conspicuous  feature  of  our 
natural  scenery.  The  traveller  from  his  car  window  enjoys 
glimpses  of  their  quiet  beauty  as  they  lie  nestled  among  the  trees 
or  shimmering  in  the  sunlight  on  the  broad  prairie.  Hundreds  of 
TisitOTS  annually  make  a  pilgrimage  to  their  shady  shores  to  find 
rest  and  health  and  recreation.  The  multitude  and  variety  of 
these  fresh  water  deposits,  and  the  influence  they  have  on  the  life 
and  health  of  the  people  call  for  a  more  minute  description  and 
extended  notice  of  them  than  is  usual  in  works  of  this  kind. 
17 


D.gitizecbyG00glc 


248  AITNTJAL  EEPOBT. 

Number  of  Lakes. 

The  number  of  lakes  in  Minnesota  is  variously  estimated  at 
from  seven  to  ten  thousand.  The  latter  number  is  not  too  bigh  if 
all  the  lakes  in  the  unsurvejed  northern  portion  of  the  State  are 
reckoned  in.  In  ascertaining  the  number  o^  lakes  in  a  given 
county,  one  muBt  decide  iti^t  what  shall  be  included  under  the 
term  "  lake."  There  are  broad  shallow  areas  o£  water  some  eight 
feet  deep,  nearly  filled  with  reeds  and  ruehes.  There  are  small 
round  or  oval  depressions  in  the  prairie,  having  no  inlet  or  outlet, 
which  in  this  State  are  included  under  the  general  term  lake. 

If  we  embrace  everything  which  land  surveyors  and  map-makers 
have  considered  of  sufBcient  importance  to  be  delineated  on  their 
maps,  we  have  a  total  number  of  3759  lakes  of  all  sizes.  But  the 
region  where  lakes  are  most  numerous,  the  northern  and  north' 
eastern  portions  of  the  State,  has  been  only  partially  surveyed, 
and  there  are  no  accurate  maps  of  the  country  published.  But 
from  such  information  and  data  as  we  have,  we  have  no  hesi- 
tation in  saying  that  there  are  within  the  limits  of  the  State 
more  than  double  the  number  of  lakes  already  counted. 
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THE   LAKES   OF    UINITB80TA    AND    THEIR    DTSTBIBUTION    ACCOBDINa 
TO    AHDEBAS'   ATLAS,  By   W.   UPHAU. 
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Including  the  lakes  crossed  by  S.  and  E.  county  boundaries ;  but  not  tbose  crossed  on 
N.  and  W. 
•Lake  PeplD,  Jkc.    JBealdesa  mlllpond.    1L.  of  Woods. 

Our  lakes  may  be  classified  according  to  the  character  of  their 
basins  and  the  causes  which  have  prodoeed  them,  as  follows: 

A,  The  glacial  or  drift  lakes,  which  occupy  depressions,  chiefly 
within  the  moiainic  area,  between  the  hills  of  drift  material 
Many  of  these  lakes  are  very  small  and  have  no  outlets.  This 
class  comprises  the  great  majority  of  onr  lakes. 

B.  The  fluviatile  or  river  lakes  which  occupy  basics  on  the 
course  of  rivers  or  within  their  valleys.  Sometimes  they  are  la^ 
goons,  marking  the  site  of  an  uicient  river-bed;  sometimes  they 
are  enlar|;ements  of  the  river  channel.     Their  number  in  this 
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State  is  quite  limited.  Not  infrequently  a  lake  seems  to  belong  to 
both  these  classes. 

C.  Lakes  having  rock  basins,  which  have  been  formed  (1),  by 
erosion,  the  glacier  scooping  out  the  softer  rocks  and  leaving  a 
channel  or  trough  which  has  subsequently  been  filled  by  water,  or 
(2),  by  the  geological  relations  of  different  formations,  which  are 
tilted  or  otherwise  disposed  so  as  to  leave  a  rocky  basin. 

The  drift  or  glacial  lakes  are  distinguished  from  each  other  in 
respect  to  the  quality  of  the  water.  In  some,  especially  those 
without  drainage,  lying  in  a  clay  soil  and  receiving  their  supplies 
from  the  adjacent  watershed,  the  water  is  alkaline. 

In  those  lakes,  the  shores  of  which  are  composed  chiefly  of  sand 
and  gravel,  and  which  have  free  drainage,  receiving  their  supplies 
by  several  creeks  or  inlets,  the  water  is  comparatively  free  from 
alkaline  properties.  It  is  the  character  of  the  soil  which  consti- 
tutes the  water-sheds  of  a  lake  or  river  that  determines  the  quality 
of  the  water.  In  the  northeastern  portion  of  the  state,  which  is 
crowded  vrith  lakes  and  no  inlets,  the  water  is  comparatively  free 
from  mineral  impurities.  Sometimes,  as  in  that  of  the  St.  Louis 
river,  the  water  is  a  dark  wine  color,  caused  by  the  leeching  of  the 
rainfall  through  spruce  and  tamarack  swamps  which  the  river 
drains.  The  soil  in  this  region  is  mainly  silicious.  As  quartz  is 
soluble  in  rainwater,  the  rainfall  comes  to  the  creeks  and  lakes  not 
nearly  pure,  or  colored  only  by  some  vegetable  extracts. 

The  great  lacustrine  areas  of  our  globe  are  north  of  the  i5°f){ 
latitude.  Comparatively  few  important  lakes  lie  south  of  this  par- 
allel in  either  hemisphere.  By  reference  to  the  atlas,  it  may  be 
seen  that  the  lake  regions  of  the  earth  are  coextensive  with  the 
drift  regions;  that  the  countries  which  were  once  covered  by  the 
glaciers  are  the  ones  which  now  abound  in  lakes.  Sweden  and 
Switzerland,  and  Scotland  and  Ireland  are  examples  in  Europe. 

In  North  America,  the  lacustrine  area  extends  in  a  broad  belt 
from  MacKensie's  River  southeastward  to  the  Newfoundland.  It 
includes  the  St.  Lawrence  system  and  the  vast  inland  seas  of  Brit- 
ish America,  of  which  so  little  is  known.  Although  these  lakes 
belong  to  different  river-eystems,  and  vary  widely  in  their  geol<^- 
cal  relations,  they  have,  I  think,  a  unity  of  origin,  and  serve  a  sim- 
ilar purpose  in  the  economy  of  nature. 

Our  Minnesota  lakes  lie  on  the  southern  margin  of  this  aiea. 
There  is  a  fixed  relation  between  them  and  the  morainic  deposit  in 
which  they  lie.  They  are  most  numerous  where  the  evidences  of 
glacial   action   are   most  abundant.      The  position  of  the  great 
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moraine  might  be  traced  from  the  northern  bounkarj  of  the  state, 
south  and  southeastward  through  Beltrami,  Becker,  Ottertail, 
Douglas,  Pope,  Kandiyohi,  Stearns,  Wright,  Hennepin,  Carver  and 
LeSueur,  and  south  into  Iowa,  by  the  number  of  lakes  which 
adorn  the  surface  of  these  counties.  It  fthould'  be  carefully  noted 
that  outside  the  limits  of  the  morainic  area,  lakes  are  few,  while 
within  those  limits,  they  are  numerous.  The  northeastern  part  of 
the  state  also  contains  a  vast  number  and  variety  of  inland  waters, 
some  of  them  tributary  to  the  St,  Lawrence,  and  others  to  the 
Mississippi.  These  lakes  are,  macy  of  them,  of  a  different  charac- 
ter, having  rock  basins,  occupying  clef  te  and  troughs  between  differ 
entgeological  formations, 

OBIOUr   OF   THE   LAKES. 

The  most  uninstnicted  observer  can  see  that  large  areas  of  tlie 
State  now  utilized  as  meadow-land,  or  under  cultivation,  were  at 
no  very  distant  day  under  water.  The  process  of  converting  shal- 
low lakes  into  swamps  or  stoughs,  and  these  into  solid,  dry  land, 
has  been  going  on  for  ages,  and  is  constantly  taking  place  under 
out  eyes.  It  ia  still  more  evident  to  the  scientific  observer  that 
nearly  the  whole  State  was  covered  by  an  ice-sheet  or  ^glacier. 
The  evidence  on  which  this  theory  is  founded,  will  be  found  in 
another  chapter. 

It  is  only  necessary  to  remark  here,  that  the  surface  features  of 
oor  State  with  which  we  are  all  familiar,  hill  and  valley,  river 
courses,  lakes  and  prairie  undulations,  were  determined  either  dur- 
ing or  subsequent  to  the  glacial  epoch.  The  lakes  especially,  are 
intimately  related  in  a  geological  sense,  to  the  glacial  deposits. 
They  were  formed  and  their  positions  determined,  by  the  same 
causes  which  produced  the  drift  hills.  One  ia  as  old  as  the  other. 
They  are  both  the  children  of  the  glacier.  The  principal  hills  of 
this  State  lie  within  the  morainic  area  which  marks  the  retreat 
and  melting  of  the  ice-sheet.  Here  also  in  great  numbers  and 
beauty,  the  lakes  are  found,  nestled  in  the  intervening  valleys, 
occupying  the  hollows  and  depressions.  Whence  arises  this  com- 
panionship, which  gives  so  much  variety  and  loveliness  to  the 
scenery. 

Let  us  try  to  imagine  the  condition  of  affidrs  during  the  closing 
of  the  glacial  period  in  this  State.  The  great  ice  mantle  is  slowly 
dissolving  before  the  gentle  assaults  of  a  milder  climate.  Its  re- 
treat is  not  rapid,  and  is  frequently  interupted  for  a  time  by  the 
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retiim  of  winter.  Some  portioBs  of  the  glacier  are  more  heavily 
loaded  with  the  material  of  which  our  hills  are  composed,  than 
others.  These  parts  melt  faster  than  the  purer  ice.  The  result  is 
that  cakes  of  comparativly  clear  ice  lie  between  the  great  dark  ac- 
cumulations of  gravel,  boulders,  sand  and  clay.  Torrents  of  water, 
caused  by  the  melting,  flow  from  the  foot  of  the  glacier  which  fill 
up  every  depression  and  nook  of  every  sort.  These  are  constantly 
at  work  modifying  and  rearranging  the  materials  which  the  ice 
has  deposited.  Only  superficial  portions  of  this  material  are  sub- 
ject to  this  modification  by  water.  The  deeper  deposits,  the  mo- 
raine profonde  is  undisturbed.  The  coarser  gravels  and  boulders  are 
only  slightly  stirred,  and  arranged  in  a  rude  stratification  or  thrown 
pell-mell  into  some  cavity  in  the  clay.  The  finer  gravels  and 
coarse  sand  are  carried  further  and  spread  out  in  thin  layers  on 
some  old  flood  plain,  white  the  lighter  and  finer  sands  are  carried 
by  the  great  flow  of  water  far  down  into  the  river  valleys.  Over 
all  hong  cloud.^  and  mist,  while  descending  rains  and  fierce  winds 
swept  over  the  wild  and  dismal  scene,  fiut  at  last  all  this  comes 
to  an  end.  The  glacier  is  melted.  The  surplus  water  is  carried 
away.  The  hills  with  their  softly  rounded  outlines  and  steep 
slopes,  stand  fortli  clothed  in  verdure,  while  around  their  bases, 
and  filling  the  deeper  depressions,  the  lakes,  somewhat  in  their 
present  form,  though  deeper  and  larger,  are  all  that  remain  of  the 
glacial  flood. 

CAUSE  OP  PEHMANBNCY. 

Our  lakes  have  remained  a  fixed  feature  of  the  landscape  since 
glacial  times,  for  the  reason  that  the  slope  of  the  watershed  is  so 
slight  and  the  erosion  by  rivers  and  outlets  so  little.  When  a  de- 
pression in  the  earth's  surface  is  once  filled  with  water,  it  remains 
a  permanent  lake  so  long  as  the  drainage  and  evaporation  do  not 
exceed  the  amount  of  water  received  from  the  rainfall  and  other 
supply  sources. 

The  character  of  the  basins  of  the  glacial  lakes  of  Minnesota 
also  tends  to  secure  permanency.  The  slope  of  the  bottom  from 
the  shore  toward  the  center  of  the  lake  is  usually  very  gradual. 
The  deepest  water  is  generally  found  about  the  center.  Many 
lakes  lie  in  separate  basins  connected  by  a  narrow  channel.  The 
clay  which  constitutes  the  bottom  of  a  large  number  of  lakes  is 
very  hard  and  compact.  The  blue  clay  especially  is  almost  imper- 
vious.    These  conditions  combine  to  hold  the  supply  of  water  se- 
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corely.  It  follows  from  these  considerationB  that  the  lakes,  when 
once  formed,  must  remain,  since  the  agencies  tending  to  destroy 
them  are  not  equal  to  the  sources  of  supply  and  stability. 

Moreover,  it  is  evident  from  a  careful  conaideratioa  of  a  multi- 
tude of  lake  ba<jin3,  that  the  annual  mean  rainfall  haa  been  for  a 
long  period  about  what  it  now  is;  that  the  lakes  received  more  of 
that  rainfall  than  they  now  do.  The  loss  by  evaporation  and 
drainage  together  did  greatly  exceed  the  supply.  The  lakes  very 
generally  held  their  own  or  receded  very  slowly  from  their  ancient 
levels. 

Our  lake  shores  are  rude  meteorological  registeiB,  They  ehow 
that  the  same  conditions  of  climate,  of  cold  and  beat,  of  moisture 
and  dryness,  that  exist  now,  have  prevailed  for  centuries.  A  lake 
once  formed,  remains  at  a  constant  mean  height,  so  long  as  the 
agencies  tending  to  destroy  it  are  counterbalanced  by  steady  sources 
of  supply. 

CAUSES   WHICH   OFEBA.TE  TO   DIUIITISH  THE   NUMBBK   AND   SIZE 
OF  OUR  LAEE8. 

It  is,  however,  beyond  question  that  the  present  tendency  of 
our  lakes  is  to  retreat  within  narrower  compass.  A  very  wet  sea- 
son brings  them  up  for  a  short  time  to  the  vicinity  of  the  old  high 
water  mark,  but  tbey  never  reach  it,  and  they  quickly  recede  again 
to  their  usual  low  levels.  The  shallow  lakes  which  bave  no  visible 
inlet  or  outlet  are  slowly  drying  up.  Those  which  form  a  part  of 
some  river  system,  which  receive  the  drainage  of  some  lakes  or  have 
other  regular  sources  of  supply  will  maintain  their  present  level 
indefinitely.  But  there  are  a  large  number  of  shallow  lakes  which 
are  rapidly  being  transformed  into  marshes.  In  a  few  generations, 
probably,  they  will  become  excellent  meadows. 

Among  the  causes  which  co-operate  to  produce  this  change,  the 
agency  of  man  is  perhaps  the  most  powerful.  Before  the  settle- 
ment of  the  country  the  lakes  and  streams  received  a  Urger  share 
of  rain  fall  directly.  The  undisturbed  prairie  sod  sheds  water  al- 
most as  well  as  the  roof  of  a  house.  Any  one  who  has  driven  over 
the  unbroken  rolling  prairie  in  a  wet  June  and  on  a  rainy  day 
when  the  pools  are  [full  has  seen  the  water  rushing  along  over 
grassy  hollows  and  in  gentle  depressions  where  no  water-course 
would  be  suspected  in  a  dry  season.  Thus,  when  nature  operated 
without  interference,  the  rainfall  speedily  found  its  way  over  the 
grassy  prairie  sod  into  the  lakes.     But  when  then  the  farmer  came 
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with  his  plow  and  tore  up  the  sod  and  cuUivat«d  the  fields  the 
water  remained  nearly  where  it  fell  and  the  lakes  also  "fell"  cor- 
respondingly. Their  supplies  were  cut  off  in  every  direction  by 
the  growing  crops  which  formerly  found  their  way  directly  into  the 
lakes  and  streams. 

The  growth  of  water-plants  and  reeds  also  tends  to  fill  up  the 
lakes.  The  bottom  of  nearly  all  the  shallow  lakes  is  covered  by  a 
thick  matting  of  trailing  plants,  some  of  which  are  interesting  and 
beautiful.  Nothing  can  be  more  graceful  than  this  sub-atjueons 
vegetation.  Leaning  from  the  side  of  a  boat  on  a  calm  day  in 
summer  one  may  feast  his  eyes  on  little  and  delicate  forms  of 
beauty  growing  in  minature  forests  and  jungles,  where  the  larger 
bass  and  walleyed  pike  love  to  lie  in  cool  and  shady  seclusion. 
But  all  this  luxuriance  of  vegetation  tends  to  tranafonn  the 
lake  which  covers  and  nroteeta  it  into  an  unlovely  morass. 

There  is  no  evidence,  and  we  have  not  the  data  on  which  to  base 
a  conclusion,  that  the  rainfall  a  century  ago  in  Minnesota  was 
greater  than  it  ia  now.  But  the  lakes  are  certainly  drying  op. 
The  rate  of  the  recession  of  the  water  is  greater  since  the  advent  of 
civilization  than  it  was  before.  The  rainfall  continues  about  the 
same  since  1836  when  observations  were  first  taken  at  Ft.  Snelling. 

The  inference  is  that  a  smaller  share  of  the  rainfall  reaches  the 
lakes  now  than  formerly.  It  is  absorbed  by  the  growing  crops. 
It  has  been  ascertained  by  careful  measurements  and  repeated 
experiments  in  France  that  it  requires  the  expenditure  of  from 
800  to  2,400  pounds  of  water  to  produce  one  pound  of  wheat. 
When  the  ground  is  rich  in  the  chemical  constituents  of  the  grain 
less  water  is  required.  This  may  account  for  the  fact  that  the 
lands  in  the  Red  Kiver  Valley,  where  the  mean  annual  rainfall  is 
only  17  inches,  produces  !iO  to  30  bubhels  per  acre.  Where  the 
soil  is  inferior,  as  much  as  15  inches  is  required  between  seed 
time  and  harvest  by  a  crop  of  wheat  or  oats. 

ACTION  OP   ICE   ON   LAKE   SHORES. 

One  of  the  constantly  recurring  features  of  the  shores  of  most 
lak<s  is  a  low  ridge  or  embankment  of  sand,  gravel  and  boulders, 
running  parallel  with  the  water  line,  and  distant  from  it  from  ten 
to  sixty  feet.  Sometimes  there  are  three  or  four  of  these  ridges, 
at  various  distances  from  the  water.  The  outer  one,  if  undis- 
turbed, is  the  highest  and  not  uncommonly  supports  trees  of  large 
size.     These  "  embankments,"  or  '^walls''  as  they  have  been  called. 
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have  excited  the  cariosity  of  people  a  good  deal  and  there  has  been 
much  lively  speculation  as  to  their  origin.  Some  have  supposed 
they  were  thrown  np  by  the  primitive  inhabitants  of  these  lands 
— whoever  they  were — for  roads.  But  a  very  little  attention  to 
facts  is  sufficient  to  convince  any  one  that  these  ridges  are  due  to 
the  action  of  ice,  aided,  in  some  cases,  by  the  high  winds  and  waves 
of  early  spring.  When  the  lake  freezes  in  winter,  the  shallow 
parts  about  the  shore  freeze  first.  The  ice  takes  up  in  its  frigid 
grasp  all  loose  stones,  pebbles,  grains  of  sand  and  dirt  lying  at  the 
bottom  and  around  the  margin  of  the  water.  But  this  shore-ice  is 
not  permitted  to  remain  in  the  position  where  it  was  formed.  A 
mechanical  pressure  is  brought  to  bear  on  it  by  the  further  freez- 
ing of  the  surface  of  the  lake.  It  is  lifted  and  pushed  up  on  to- 
the  beach  by  expansive  force  of  freezing  water. 

The  phenomena  of  the  formation  and  effects  of  lake^ce  are  so 
interesting  that  a  brief  account  of  them  is  given  with  a  view  not 
only  of  explaining  the  walls  and  ridges  about  our  lake-shores,  hut 
with  the  hope  of  inducing  those  whose  good  fortune  it  is  to  reside 
near  a  lake,  to  observe  more  closely  the  facts  and  phenomena  for 
themselves, 

PHENOUENA   OP  PBEEZIXQ.  ' 

To  take  a  special  case.  Lake  Minnetonka  froze  over  in  Novem- 
ber, 1880,  earlier  and  more  suddenly  than  is  usual.  The  first  ice 
formed  around  the  edges  of  bays  on  November  7th.  Several  day» 
of  stoirmy  weather,  rain,  snow  and  northwest  wind,  followed,  and 
the  lake  was  very  rough,  nevertheless  the  ice  continued  forming 
more  and  more  in  the  bays.  The  temperature  of  water  at  the  sur- 
face was  continually  falling.  On  the  first  of  November  it  wa» 
45°  F,,  and  on  the  16th  it  was  37°.  Then  came  a  storm  and 
very  cold  weather.  The  thermometer  registered  7°  below  zero  on 
the'  morning  of  the  17th,  Excelsior  bay  and  Gideon's  bay  froze 
over,  and  on  the  19th  the  entire  lake  was  covered  with  ice,  the 
thickness  being  six  inches  about  the  shores  and  two  inches  further 
out.  During  the  night  on  the  20th  inst,,  the  ice  cracked  id 
many  places  with  a  loud  report.  Exquisite  ice-flowers,  sometimes 
an  inch  broad,  appearing  like  a  miniature  forest,  were  very 
numerous.  These  are  all  modifications  of  the  typical,  six-rayed 
ice-star, 

I  have  given  this  brief  account  of  the  sudden  freezing  over  of 
one  of  the  largest  of  our  lakes  in  the  middle  of  November  because 
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it  is  an  illustration  of  what  took  place  on  all  the  10,000  lakes  at 
the  same  time. 

It  ie  a  well  known  principle  that  frozen  water  requires  more 
space  than  the  same  amount  did  in  the  liquid  form.  Water  in 
freezing  expands. 

Water  attains  its  masimum  density  at  39°  Fah.  Below  this 
point  it  expands.  At  S2°  fab.  it  begins  to  turn  into  crystals  of 
ice,  which  float  on  the  surface  because  comparatively  lighter  than 
the  water.  At  32°  the  expansion  by  cold  terminates,  but  in  the 
final  act  of  solidification  the  expansion  or  increase  of  bulk  is  sud- 
den and  irresistible.  Conceive  of  a  large  lake  like  Minnetonka 
freezing  over  to  a  depth  of  two  to  six  inches  in  twenty-four  hours. 
A  vast  quantity  of  water  is  turned  into  ice  every  hour.  The  ex- 
pansive force  of  the  crystalizing  water  is  exerted  in  every  direc- 
tion at  once.  The  strain  is  tremendoos.  The  ice  cracks  and  loud 
reports  are  the  accompaniment  and  evidence  of  this  action. 

As  the  cold  of  winter  continues  and  increases,  the  ice  becomes 
thicker  and  the  increass  of  bulk  continues  to  demand  room.  The 
ice  in  the  borders  of  the  lake  is  now  pushed  by  inherent  force  of 
the  great  mass  up  on  to  the  shores,  carrying  with  it  rocks,  pebbles, 
and  whatever  it  may  have  caught  in  its  grasp.  The  broken  ice  on 
the  edges  of  the  lakes  is  a  familiar  sight.  The  causes  which  pro- 
duce these  phenomena  are  here  indicated. 

In  these  low  embankments  or  ridges  of  gravel  and  sand  about 
the  shores  of  lakes,  we  see  the  effectsof  years,  perhaps  of  centuries, 
of  ice  action.  When  the  lake  stood  at  a  higher  level  than  it  now 
has,  the  ridge  most  remote  from  the  present  shore,  was  slowly 
formed  by  causes  identical  with  those  now  at  work.  Year  after 
year  the  ice  crowds  upon  the  shore  with  its  weight  of  sand  and 
graveli  here  from  the  bed  of  the  lake.  Winds  and  high  waves  as- 
sist in  the  process  and  thus,  in  the  course  of  successive  seasons, 
a  very  large  accumulation  of  material  is  formed. 

The  line  of  boulders  along  the  shores  of  some  lakes,  deposited 
with  an  apparent  regularity  that  makes  them  resemble,  at  a  little 
distance,  a  low  stone  wall,  is  due  to  the  action  of  ice.  These  boul- 
ders are  scattered  through  the  drift  formation,  which  constitutes 
usually  both  the  shores  and  the  bed  of  the  lake.  Where  the  shores 
are  high  and  abrupt,  the  boulders  sometimes  fall  from  above  into 
the  lake.  Whenever  a  loose  stone  comes  within  reach  of  ice  it  is 
taken  and  moved  about,  lifted  up  and  shoved  upon  its  fellows. 
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Value  and  Utility  of  Lakes. 

The  value  and  utility  of  our  lakes  are  not  to  be  computed  ac- 
cording to  the  market  price  of  the  land  adjoining.  The;  consti- 
tute together  a  natural  feature  of  the  state  which,  like  the  salu- 
brious and  invigorating  climate,  the  fertile  soil  and  vast  forests, 
is  a  part  of  the  common  wealth.  No  matter  who  owns  the  adja- 
cent acres,  the  lakes  themselves  are  public  property,  and  we  are  all 
richer  and  happier  because  they  are  here.  They  have  however  a 
definite  utility  in  two  or  three  respects  that  demand  mention. 

1,  The  sanitary  or  hygienic  value  of  our  lakes  should  be  recog- 
nized. Whatever  contributes  to  promote  the  health  and  happineaa 
of  the  people,  is  important.  The  lakes  furnish  a  constant  oppor- 
tunity and  temptation  to  the  residents  both  of  city  and  country 
to  take  hours  of  healthful  exercise  and  recreation.  They  are  usu- 
ally well  stocked  with  fish,  and  haunted  during  the  autumn  months 
by  myriads  of  wild  fowls.  Aside  from  their  attractions  for  the 
sportsmen,  there  is,  for  all  classes  of  people,  a  relaxation  from 
mental  and  physical  strain,  a  wholesome  pleasure,  a  recuperation 
and  invigorating  effect  produced  by  spending  a  few  weeks  or  even 
a  few  days  on  and  about  these  lakes.  Health  is  capital;  and  be- 
yond question,  our  people  dejive  from  these  crystal  waters  a  fund 
of  enjoyment  and  vitality  which  materially  augments  the  prosper- 
ity  of  the  State. 

But  the  charms  and  benefits  of  the  lakes  of  Minnesota  are  re- 
cognized and  appreciated  quite  as  much  by  the  citizens  of  other 
States  as  by  our  own  people.  Every  summer,  in  very  increasing 
numbers,  they  come  from  all  parts  of  the  Mississippi  valley,  from 
New  Orleans,  from  Memphis,  from  St.  Louis  and  elsewhere  to  find  a 
stimulating  climate  and  healthful  recreation  at  our  lakeside  resorts. 
And  what  an  immense  number  of  such  resorts  there  are  which 
are  unoccupied.  The  capacity  of  Minnesota  to  set  forth  enter- 
tainment in  this  line,  is  inexhaustible.  Thousands  of  beautiful  lakes 
scattered  over  the  whole  lake  district  invite  the  tourist,  the  sports- 
men and  visitor  to  their  shores.  There  is  room  lor  all.  We 
might  almost  say  that  there  is  a  lake  for  each  one.  When  the  re- 
sources and  beauties  of  our  inland  lakes  become  more  widely  known, 
their  practical  value  as  a  source  of  income  to  our  citizens  will  be 
better  appreciated.  To  make  these  lakes  more  accessible  to  pro- 
vide boats  and  comfortable  houses  of  entertainment,  is  one  of 
the  natural  and  legitimate  industries  open  to  our  people. 

2.  The  climate  is  modified  to  some  extent,  by  the  lakes.     Dur- 
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ing  the  summer  these  Bmall  bodies  of  water  become  reservoirs  of 
heat.  The  temperature  of  the  lakes  during  the  summer  months, 
as  determined  by  repeated  observation,  is  about  75°  Fah.  The 
whole  mass  of  water  ia  heated  alike ;  the  temperature  of  most  lakes 
at  the  bottom  is  the  same,  nearly,  as  the  top.  The  capacity  of 
water  for  absorbing  and  retaining  heat  is  well-known. 

During  the  summer,  heat  is  absorbed  from  the  direct  rajs  of  the 
sun.  During  the  fall,  up  to  the  hour  when  the  lake  freezes  over, 
this  heat  is  slowly  given  off  and  exerts  a  sensible  induence  on  the 
surrounding  atmosphere.  Gardena  and  vines  favorably  situated  on 
a  lake  side  escape  the  frosts  of  autumn  longer  than  others. 
No  doubt  the  transition  from  summer  to  winter  would  be  more 
abrupt  and  severe  but  for  the  large  amount  of  heat  latent  in  water 
which  is  given  off  in  freezing.  "Every  ton  of  water  converted 
into  ice  gives  out  and  diffuses  in  the  surrounding  atmosphere  as 
much  heat  as  would  be  required  to  raise  a  ton  of  water  from  32° 
to  174°  F." 

8.  In  many  instances  lakes  have  been  utilized  as  reservoirs 
from  which  to  draw  supplies  for  mills  and  factories  as  necessity 
requires. 

By  constructing  dams  at  the  outlets  a  vast  amount  of  water  may 
be  stored  during  the  spring  and  early  summer  in  these  natural 
reservoirs.  The  value  of  water  powers  may  thus  be  greatly  in- 
creased. Among  the  plans  contemplated  by  our'national  govern- 
ment for  the  improvement  of  navigation  on  the  Mississippi  river  is 
that  known  as  the  "reservoir  system."  It  is  nothing  more  than 
the  utilization  of  the  lakes  and  marshes  of  the  upper  Mississippi 
above  Pokegama  Falls,  for  the  purpose  of  storing  water  during  the 
ivinter  and  spring,  up  to  July  1st,  so  as  to  maintain  during  the 
season  of  low  water  from  July  to  November  a  steady  stage  of 
water  at  St.  Paul  and  below,  sufficient  for  all  purposes  of  navigation. 
A  further  account  of  this  proposed  system  of  reservoirs  is  given 
on  another  page  in  the  section  describing  the  headwaters  of  the 
Mississippi. 

Although  with  few  exceptions  lakes  are  distributed  in  all  parts 
of  our  State  they  are  far  more  numerous  and  interesting  in  the 
central  and  northern  counties.  The  belt  of  country,  which  by  rea- 
son of  the  great  number  and  beauty  of  its  lakes  deserves  the  name 
oi  the  Lake  District,  begins  with  lake  Minnetonka,  in  Hennepin 
county,  and  extends  northwest  to  the  northern  line  of  Becker 
county.  The  district  is  from  30  to  50  miles  wide.  It  is  bounded 
on  the  south  by  the  Breckinridge  division  of  the  St.  P.  M.,  &  M. 
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R.  R.,  while  the  Fergus  Falls  division  of  the  same  road  passes 
directly  through  it.  The  Northern  Pacific  R,  R.  passes  through 
the  northern  limits  of  the  district. 

Another  lake  district  exceeding  in  extent  of  territory  and  in  the 
number  of  lakes  the  one  described  above,  begins  in  Becker  county 
and  extends  east  and  northeast  through  Cass,  Itasca,  St.  Louis,  Lake 
and  Cook  counties  to  the  chain  of  lakes  which  constitutes  the 
boundary  line  between  the  U.  S .  and  Canada.  la  this  district  lie 
the  head  waters  of  the  Mississippi,  the  Red  River  of  the  North 
and  the  St.  Louis  river.  These  lakes  will  be  described  when  we 
come  to  consider  the  hydrographical  basins  of  the  rivers  in  which 
they  are  situated. 

At  present  we  will  give  an  account  of  the  lakes  in  the  first  dis- 
trict mentioned,  which  lie  partly  in  the  water-shed  of  the  Missis- 
sippi and  partly  in  that  of  the  Red  River.  For  the  purpose  of 
assisting  those  who  are  not  familiar  with  the  geographical  position 
of  the  lakes  to  locate  them  readily  on  the  map,  I  shall  describe 
the  lakes  in  the  several  counties  of  the  district. 

Lake  Minnetonka  is  one  of  the  largest,  as  it  certainly  is  the 
most  widely  known  and  celebrated,  of  our  lakes.  On  account  of 
its  accessibility  it  monopolizes  the.  admiration  which  would  be 
shared  by  other  lakes  equally  charming,  but  for  their  remoteness 
from  railroads  and  large  cities.  There  is,  however,  no  lake  in  the 
State  that  excels  Minnetonka  in  that  general  attractiveness,  which 
.is  a  happy  combination  of  clear,  wholesome  waters,  hard,  pebbly 
and  sandy  beaches,  shady,  wooded  shores  with  irregular  outlines 
and  unequal  heights,  points,  promontories,  islands,  bays,  in  short, 
a  delightful  interlocking  of  land  and  water. 

The  lake  occupies  a  series  of  depressions  in  the  great  moraine, 
which  at  this  point  bends  south,  and  extends  down  into  Iowa. 
Minnetonka  is  a  name  which  includes  a  cluster  of  bays  and  lakes 
more  or  less  connected  together  by  shallow  straits.  The  upper 
and  lower  lakes  are  quite  distinct,  only  a  narrow  and  crooked  chan- 
nel uniting  them,  which  has  now,  however,  been  straightened  and 
deepened  to  allow  the  passE^  of  steamboats. 

A  little  attention  to  ancient  water  marks  and  ice  action  about 
the  shores,  will  convince  the  close  observer  that  the  level  of  the 
lake  was  formerly  much  higher  than  it  is  now.  There  was  once 
a  broad,  though  probably  rather  shallow,  belt  of  water  between  the 
upper  and  lower  lakes,  which  is  now  so  filled  with  rushes  and  reeds 
and  grasses  that  it  has  become  a  morass.  All  about  the  shores  are 
swampy  places,  some  of  which  have  become  almost  dryland,  where 
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the  lake  once  held  undisputed  possession.  Many  lakelets  which 
now  have  no  connection  with  the  main  body  of  the  lake,  except 
perhaps  in  time  of  very  high  water,  were  at  one  time  arms  or 
branches  with  clearly  marked  water  communications.  The  former 
level  of  the  lake  was  probably  five  or  six  feet  above  the  high  water 
mark  of  the  present]  time.  A  remarkably  fine  lake,  however,  re* 
mains,  and  one  which  ^  in  no  immediate  danger  of  drying  up^ 
although  a  constant  diminution  in  the  area  of  water  surface  is 
going  on.  The  depth  of  water  varies  greatly  in  different  localities. 
The  bottom  of  the  lake  is  very  irregular.  There  are  valleys  and 
ridges  beneath  the  surface  of  the  lake  corresponding  to  those  above. 
A  great  number  of  soundings  have  been  taken  and  registered, 
some  of  which  are  given  on  the  maps  which  accompany  this 
report.*  In  the  lower  lake  the  deepest  parts  are  in  the  centre  of  the 
largest  basin,  that  is,  the  area  included  between  the  lower  end  of 
Big  Island,  Starvation  Point,  Lookout  Point  and  Gibson's  Point- 
The  depth  in  this  basin  varies  from  40  to  70  feet. 

Brightwood  or  Gale's  Island  is  the  sommit  of  a  little  hill  which 
rises  from  50  to  75  feet  above  the  bottom  of  the  valleys  that 
surround  it  on  three  sides. 

Crystal  Bay  is  deep ;  both  above  and  below  Cedar  point,  the  water 
fills  a  basin  the  bottom  of  which  is  from  40  to  70  feet  below  the 
shore  line. 

The  upper  lake  is  deepest  between  Halsted's  place  and  Enchant- 
ed island.  The  water  in  the  basin  is  from  50  to  70  feet  deep. 
The  bays  generally  are  shallower,  showing  not  more  than  25  or 
30  feet  of  water  usually,  in  the  deeper  parts.  On  the  bars  and 
ridges  there  are  from  4  to  10  feet  of  water. 

'Wrlsht  Oounty 

adjoins  Hennepin  on  the  northwest.  It  is  drained  chiefly  by  the 
Crow  river.  In  the  northern  part  of  the  county,  the  Clearwater 
river,  with  the  lakes  of  which  it  is  the  ontlet,  drains  a  considerable 
area.  There  are  160  lakes  within"  the  limits  of  the  county,  of 
which  Clearwater  lake  is  one  of  the  largest  and  most  celebrated 
and  attractive  as  a  summer  resort.  It  is  the  lowest  of  a  chain  of 
lakes  on  the  Gleainvater  river.  Its  position  makes  it  the  reservoir 
of  the  watershed  of  the  river  above  it  and  keeps  it  supplied  with 
the  drainage  of  an  extensive  region.  The  quantity  or  volume  of 
water  in  the  lake  therefore  varies  but  little.  It  differs  from  a  large 
*Thla  mftp  l»  reserved  lor  futuie  publiMtios. 
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number  of  lakes  whicli  we  shall  have  occasion  to  describe,  in  main- 
taining a,  more  equal  and  constant  height  from  year  to  year. 
A  lake  through  which  a  river  fiowa,  has  the  conditioaa  of  a  more 
permanent  and  stable  existence  than  one  which  depends  for  supply 
only  on  its  own  water-shed, 

The  northern  part  of  the  lake  is  generally  shallower  than  the 
southern.  There  are  large  areas  where  the  water  is  not  more  than 
four  to  six  feet  deep  and  aquatic  plants  flourish.  In  the  deeper 
parts  from  25  to  40  feet  of  water  were  found,  and  in  one  place  M 
feet,  but  these  deeper  areas  were  quite  limited  in  extent.  In  the 
northern  basin  are  two  islands,  covered  with  trees  andshrubs.  They 
are  the  summits  of  little  hills  whose  bases  are  covered  by  the  lake. 

The  surrounding  country  Is  rolling  and  uneven.  Around  the 
southeast  part  of  the  lake  the  shores  rise  abruptly  from  10  to  40 
feet.  At  other  points  the  shore  is  low  and  level.  There  is  com- 
paratively little  marsh  except  where  former  lakelets  have  suc- 
cumbed to  the  influences  which  are  silently  yet  surely  drying  and 
filling  up  every  lake  in  the  State.  The  inequalities  of  the  lake 
basins,  as  revealed  by  the  sounding  Ifne,  are  only  a  part  of  the  gen- 
eral contour  of  the  surface  of  the  country. 

The  lake  is  divided  by  a  bar  into  two  nearly  equal  parte.  The 
bar  is  a  low  ridge  of  gravel,  rising  but  few  inches  above  the  lake 
level.  The  water  on  either  side  for  some  distance  is  shallow,  and 
then  suddenly  falls  off  to  a  depth  of  30  to  50  feet,  showing  that 
the  bar  is  the  crest  of  a  hill  or  ridge.  The  channel  at  the  end  of 
the  bar,  connecting  the  two  parts  of  the  lake,  is  from  28  to  38  feet 
deep  and  about  30  to  40  feet  wide.  Thus  there  are  two  distinct 
basins.  The  southern  basin  varies  in  |depth  from  4  to  60  feet. 
The  bottom  is  very  irregular,  in  some  places,  as  at  Longworth's 
house,  sloping  gradually  down  and  at  other  points  falling  off 
abruptly.  Some  of  the  deepest  water  is  across  the  lake  from 
Longworth's  and  fovir  or  five  rods  off  shore.  The  greatest  depth 
measured  was  60  feet,  and  from  80  to  50  feet  were  found  repeatedly. 

Meeker  Oount7 

lies  west  of  Wright,  and  south  of  Steams.  It  is  drained  by 
the  Crow  river,  the  north  branch  of  which  flows  through 
the  northern  half  of  the  county,  while  the  south  fork  drains 
the  southern  ,  townships.  Between  these  streams,  and  gen- 
erally connected  with  them,  are  a  great  number  of  small  lakes; 
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about  110  in  the  entire  county,  and  as  many  aa  170  if  we  include 
the  smallest. 

One  of  the  largeat  is  Lake  Ripley  near  Litchfield.  It  is  about 
two  miles  long  and  a  mile  wide.  The  country  around  the  lake  is 
either  level  or  gently  rolling.  The  Litchfield  prairie  is  nearly 
level.  There  is  only  a  diflference  of  two  feet  in  elevation  between 
Darwin  and  Litchfield. 

Lake  Bipley 

occupies  a  very  shallow  depression  in  this  prairie.  The  bottom 
of  the  basin  is  level  and  slopes  very  gradually  down  from  the 
water's  edge,  to  a.  depth  of  20  feet. 

There  is  evidence  about  the  shores  that  the  lake  formerly  stood 
at  a  higher  level  than  it  now  reaches,  even  at  high  water.  The 
ancient  shore-line  is  clearly  marked.  There  is  an  accumulation  of 
gravel  and  boulders  at  several  points,  which  must  tave  been  de- 
posited by  the  action  of  ice  and  water,  that  is  from  3  to  5  feet 
above  the  present  level,  and  from  20  to  50  feet  distant  from  the 
present  water  line. 

The  outlet  of  lake  Ripley  in  time  of  high  water  is  into  the  Crow 
river.  It  depends  for  supply,  on  its  own  water  shed  and  the  drain- 
age of  an  extensive  slough  adjacent. 

Liake  ^innabelle 

is  about  six  mites  south  of  Lake  Ripley.  It  has  no  apparent 
outlet.  It  lies  in  a  deep  basin  of  considerable  depth,  and  sur- 
rounded by  a  rolling  prairie  country.  The  greatest  depth 
found  was  43  feet,  in  the  central  part  of  the  lake.  There 
seemed  to  be  quite  a  uniform  depth  of  25  to  40  feet.  The  bottom 
of  this  basin  must  be  In  the  clay,  as  borings  for  wells  near  the  lake 
indicate  that  the  clay  extends  dovro  for  at  least  90  feet.  This  clay 
at  the  depth  of  90  feet,  became  so  hard  that  the  attempt  to  get 
water,  was  abandoned. 

The  basin  of  Minnahelle  may  be  regarded  as  "water-tight." 
The  evaporation  from  the  surface  is  small  in  proportion  to  the 
whole  amount  of  water  in  the  basin,  and  the  annual  rainfall  keeps 
the  supply  constant 

Washington  Lake. 

is  near  Darwin  on  the  west  side  of  the  belt  of  timber  known  as 
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the  "big  woods."  It  is  entirely  .surrounded  by  forest.  It  has  an 
area  of  about  i  square  miles,  and  is  supplied  by  the  drainage  of 
two  small  lakes  lying  west  of  it  and  constituting  the  headwaters 
of  a  creek,  which  enters  the  Crow  river  below  Kingston. 

The  shores  are  unequal  and  irregular  in  height,  varying  from  9 
to  30  feet.  The  depths  of  the  lake,  ao  far  as  they  could  be  ascer- 
tained, also  vary  from  6  to  18  feet.  Large  areas  of  the  lake  are 
((uite  shallow,  with  a  luxuriance  of  water  plants. 

Kandljrobl  County. 

For  convenience  in  description  the  lakes  in  the  southern  part  of 
this  county  may  be  grouped  together.  They  possess  in  common 
the  characteristics  'which  are  noteworthy.  The  surrounding  coun- 
try is  a  gently  rolling  prairie  which  slopes  very  slightly  south  to- 
ward the  Minnesota  valley.  There  are  no  high  hilts  or  deep  val- 
leys. The  shores  o£  the  lakes  slope  very  gradually  to  the  water 
line  or  are  entirely  flat  and  featureless.  The  lakes  are  Lillian,  Big 
Kandiyohi,  Elizabeth,  Little  Kandiyohi. 

They  are  all  shallow,  varying  in  depth  from  seven  to  twelve  feet 
in  the  deepest  parts.  The  water  is  slightly  yellowish  in  color  and 
alkaline.  They  lie  on  clay  bottoms,  over  which  is  a  thin  deposit 
of  sand.  The  temperature  of  the  water  was  74=  F-  on  the  28th  of 
June,  when  the  temperature  of  the  air  was  67°  to  70°  F.  They 
have  no  large  inlets  from  perennial  streams.  They  receive  the 
drainage  of  contiguous  sloughs,  and  in  very  high  water  they  form 
a  temporary  outlet  into  the  south  fork  of  the  Orow  river,  which 
has  its  ultimate  sources  in  these  lakes.  There  is  a  difference  of 
only  about  one  foot  between  the  levels  of  these  lakes.  Kandiyohi 
and  Elizabeth  are  a  trifle  higher  than  Lake  Lillian. 

There  are  no  forests  in  this  part  of  the  county.  There  is  a  fringe 
of  trees  about  the  shores  of  the  lakes  and  some  valuable  groves  of 
oak,  ash,  elm,  box  elder,  basswood,  poplar  and  a  few  hickory  trees. 
I  also  observed  the  wahoo  growing  here.  In  Lake  Elizabeth  are 
two  islands,  and  on  the  western  side  the  prairie  slopes  down  rather 
abrupMy,  giving  a  picturesque  and  pleasing  efiect. 

The  lakes  in  the  northern  part  of  Kandiyohi  county  are  of  a 
different  character.  The  country,  as  a  whole,  is  more  hilly  and 
uneven.  The  moraine,  traced  by  Mr.  Upham,  enters  the  county 
from  the  northwest,  and  extends  entirely  through  the  northern 
part.  This  morainic  tract  is  in  some  places,  very  rough  and 
broken.  The  hills  are  from  100  to  ISO  feet  above  the  lake  levels, 
18 
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Dover  hills  are  about  half  way  between  Willmar  and  Korway  lake. 
The  summit  of  the  highest  commands  a  fine  view,  and  is  about  150 
feet  above  Foot  lake.  BeveriJ  other  hill-tops  north  and  west  of 
Green  lake  were  measured  for  altitude  by  me,  and  found  to  be 
from  1200  to  1350  feet  above  the  sea.  One  of  the  highest  of 
these  summits  ts  on  the  north  side  of  Green  lake,  and  commaoda 
a  very  extensive  and  magnificent  view.  It  ia  200  feet  above  the 
lake  level. 

In  this  part  of  the  county  there  la  considerable  timber  and 
■  woodland.  Hundreds  of  acres  are  covered  with  valuable ,  forest 
trees.  The  principal  varieties  are  oak,  basswood,  elm,  ash,  iron- 
wood,  poplar,  Cottonwood,  hackbeiry  and  box-elder.  Around 
Eagle  lake  there  are  some  butternut  trees.  The  principal  shrubs 
and  small  trees  observed  were  plum  and  cherry  trees,  prickly  ash. 
gooseberry,  wild  currant,  juneberry,  red-raspberry,  black-rasp- 
berry, cornus,  elder,  snowberry  and  wild  tprape. 

Although  a  good  deal  of  attention  has  been  given  to  the  subject 
of  tree-planting  in  thb  county,  and  some  fine  young  groves  are  to 
be  seen,  yet  the  farmers  as  a  whole  are  painfully  short  sighted 
in  this  respect.  So  long  as  there  is  wood  enough  for  present 
necessities,  no  earnest  effort  will  be  made. 

Men  care  little  for  the  future.  They  seem  content  to  live  on 
the  bare,  bleak  prairie  without  a  tree  or  shrub  about  them,  rather 
than  mnke  the  necessary  effort  to  have  a  thrifty  grove  of  forest 
trees  growing  up  about  them. 

The  old  forests  at  present  are  disappearing  much  faster  than  the 
new  ones  are  growing.  Indeed,  nothing  that  can  ever  be  called  a 
forest  is  attempted.  Only  a  few  acres  of  cuttings  are  set  out  here 
and  there.  These  are  in  many  caees  neglected  and  destroyed  by 
drought  or  fire. 

Some  more  vigorous  effort  must  be  made,  either  by  legisla- 
tion or  by  town  and  county  action,  before  this  matter  of  tree  cul- 
ture will  receive  the  earnest  attention  which  its  importance  de- 
mands. 

The  largest  body  of  water  in  the  county  ia  Green  lake.  It  ia 
about  four  miles  long— east  and  west — by  three  miles  and  a  half 
wide.  It  derived  its  name  from  the  color  of  the  water,  which  at 
times  is  intensely  green,  changing  to  blue,  purple  and  darker  hues. 
The  unceasing  play  of  color  in  the  water  is  one  of  the  great  charms 
of  this  very  beautiful  lake.  The  principal  inlet  is  at  the  northwest 
corner,  where  there  is  a  flour  mill.  The  outlet  is  at  the  north- 
east comer.    It  discharges  into  the  north  fork  of  €tow  river. 
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There  is  a  bar  about  the  middle  of  the  lake  running  nearly  across. 

I  did  not  sound  the  lake  in  all  its  parts,  but  found  in  the  western 
half  40  to  50  feet  of  water  of  the  purest  quality.  The  temperature, 
July  1,  1880,  was:  Air  78°  F,  water  74"  F.  I  did  not  discover  any 
appreciable  difference  in  temperature  between  the  water  at  the  top 
And  at  the  bottom  of  the  lake. 

Fluctuations  in  the  water  level  appear  to  depend  on  the  amount 
■of  rain-fall.  Within  the  last  ten  years  it  has  been  from  10  to  12 
inches  lower  than  now,  and  also  from  6  to  8  inches  higher,  accord- 
ing to  the  season. 

Green  Lake  lies  in  a  depression  at  the  foot  of  the  moraine  which 
sweeps  away  on  the  north  side  toward  the  east  and  on  the  west 
side  toward  the  south.  Its  position  with  reference  to  these  hills 
And  the  country  north  is  such  that  it  must  remain  a  permanent 
reservoir. 

Its  shores  are  bold  and  abrupt  on  the  north  and  west  sides — more 
level  on  the  east  and  south  sides.  Near  Mr.  AspenwalFs  the  bluff 
is  forty  to  fifty  feet  above  the  water. 

ACTION  OP  ICE  ON  THE  SH0BE8. 

Beautiful  illustrations  of  the  action  of  ice  in  piling  up  sand  and 
^avel  are  also  to  be  seen  here.  The  ancient  ridge  is  now  a  road- 
way and  has  large  trees  growing  on  it.  It  is  40  to  60  ft.  from  the 
water.  The  most  recent  ridge  is  close  to  the  Water's  edge.  It  is 
four  or  five  feet  high  and  five  tu  eight  feet  vride  at  the  base.  It  is 
composed  of  fresh  gravel  and  has  been  thrown  up  within  the  past 
four  years. 

Between  Green  lake  and  Willmar  there  is  a  chain  of  lakes. 


Eagle  Lnke. 

Of  these  I  shall  only  describe  Eagle  lake,  which  is  about  four 
miles  north  of  Willmar.  It  \im  in  a  depression  at  the  foot  of  a 
spur  of  the  great  moraine.  Its  wnters  are  clear  and  sparkling.  Its 
northern  chnros  high  and  pit-tnn'.'ique  and  well  wooded.  Some  of 
the  hills  arr  trom  75  to  100  fcit  iibove  the  lake.  Its  outlet  in  high 
water  is  at  the  south  end,  and  it  dniins  jnto  Swan  and  Foot  Ljjies. 

There  are  springs  about  the  northern  shores  and  a  smallihlet 
from  a  slough  or  drained  lake,  on  the  east. 

Its  altitude  above  the  sea  in  about  1125  feet. 
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Foot  lake,  at  Willmar,  is  very  sti&llow,  and  the  waters  in  Bum- 
mer very  impure,  full  of  decaying  vegetable  matter.  It  is  partly 
filled  with  a  vigorous  growth  of  reeds,  and  its  days  as  a  lake  are 
nearly  numbered.  I  sounded  it  in  several  places,  and  found  a  depth 
of  6  to  12  feet.  It  has  receded  from  its  former  limits  very  per- 
ceptiblyjsince  the  town  was  started.  It  is  now  at  least  five  feet 
lower  than  it  was  in  1857. 

Diamond  Lake. 

Diamond  lake  is  a  clear  and  beautiful  sheet  of  water  about  five 
miles  southeast  of  Green  lake.  The  prairie  around  is  massive,  roll- 
ing, with  no  abrupt  hills.  The  lake  is  two  to  three  m^les  long  and 
a  mile  or  more  wide.  The  greatest  depth  found  was  26  feet. 
The  temperature  of  the  water  on  July  2,  was  74"  F.,  air  71°  F. 
at  sunset.  Its  outlet  joins  that  of  Green  lake.  The  shores  slope 
gently  to  the  water's  edge  and  bear  a  fringe  of  native  forest  trees. 
Evidences  of  a  former  higher  lake-level  are  abundant. 

In  the  northwestern  part  of  the  county  is  a  chain  of  very  charm- 
ing lakes.  These  are  Norway  lake,  James  lake.  Swan  lake  and 
Lake  Andrew. 

The  moraine  trends  along  the  north  side  of  these  lakes.  They 
lie  in  a  series  of  depressions  at  the  southern  base-  All  the  country 
south  and  west  is  massive,  rolling  prairie. 

Norway  Lake. 

Between  the  lakes  and  to  the  eastward  there  is  considerable 
hard-wood  forest.  Norway  lake  is  not  deep,'  and  at  the  time  I 
visited  it,  October,  1880,  there  was  a  minimum  stage  of  water. 
There  is  a  depth  of  30  feet  in  some  places.  It  is  well  cut  up  with 
bars  and  points.  One  of  these,  belonging  to  Mr.  Even  Railson,[is 
a  mile  long  and  covered  with  fine  hardwood  timber.  The  margin 
of  the  lake  supports  a  thick  growth  of  reeds  and  rushes.  The 
water  is  clear  and  translucent.  In  the  fall  it  is  the  abode  of  thou- 
sands of  water-fowl,  and  is  a  ^wrtsman's  paradise.  Evidences  of 
former  higher  water  are  very  abundant.  The  old  beaches -are 
clearly  defined.  I  am  told  that  in  1871  the  lake  was  six  feet  high- 
er thaa'it  is  now,  and  also  in  1860  there  was  a  very  high  stage  of 
water.  At  such  times  these  lakes  have  an  outlet  southwest  into 
the  Chippewa  river:  but  in  a  dry  season  and  low  water  there  is  no 
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outlet.  These  lakes  usually  freeze  over  between  the  Ist  and  15th 
of  December,  and  open  in  the  spring  between  the  1st  and  15th  of 
April.  The  temperature  of  the  water,  October  10th,  was  68°F. 
Lake  Andrew  is  deeper  than  Norway,  and  there  is  a  great  variety 
of  shore  line.  Together  these  lakes  constitute  one  of  the  most  de- 
lightful groups  in  this  region. 

The  natural  drainage  of  Kandiyohi  county  is  chiefly  into  the 
Crow  river.  The  northeastern  townships  are  drained  by  branches 
of  the  north  fork,  while  the  southeastern  towns,  south  of  the  rail- 
road, are  drained  by  the  south  fork.  The  western  tier  of  towns  are 
drained  by  .branches  of  the  Minnesota  river,  the  Chippewaand  the 
Chetomba.  There  is  not  an  exposure  of  rocks  in  the  whole  coun- 
ty. The  drift,  which  is  very  heavy,  undoubtedly  overlies  the 
archsean  terrace,  which  extends  across  the  State  from  Lake  Superi- 
or sou;th  west.  The  "summit"  near  Atwater,  where  the  railroad 
grade  reaches  an  elevation  of  1.264  feet  above  the  ocean,  is  proba- 
bly due  to  the  greater  uplift  of  the  underlying  rock  rather  than  to 
any  greater  thickness  of  the  drift.  The  drift  pebbles  on  the  shores 
of  lakes  are  granitic  or  gneissic  and  limestone,  about  65  per 
€eDt.  of  the  former  to  35  of  the  latter. 

The  principal  lake  of  Pope  county  is  Lake  Whipple,  It  has  an 
average  length  of  seven  miles,  and  width  of  two  miles.  Its  area 
is  about  15  square  miles.  It  is  situated  in  the  northern  central 
part  of  Pope  county.  It  lies  very  picturesquely  at  the  foot  of  the 
great  moraine,  at  an  angle  where  its  development  is  most  typical. 
On  the  north  and  eastern  sides  the  morainic  hills  rise  irregularly 
above  the  Jake  to  a  height  of  from  50  to  200  feet.  At  the  nor- 
thern extremity  of  the  lake  the  quiet  little  village  of  Qlenwood 
'Consists  of  a  few  houses  at  the  foot  of  the  bluff.  Going  up  to  the 
iop  of  thitt  bluff,  which  is  more  than  200  feet  above  the  lake,  one 
may  enjoy  as  delightful  a  bit  of  natural  scenery  as  there  is  in 
central  Minnesota.  From  this  summit  the  prairie  stretches  back 
to  the  north  and  west  quite  flat  and  featureless.  Lake  Whipple 
seems  to  occupy  the  bottom  of  a  great  basin  around  which  the 
morainic  bills  of  unusual  boldness  and  height  gather  on  every  side, 
«xcept  the  west,  where  is  the  outlet  of  the  lake  into  the  Chippewa 
river.  The  depth  of  Lake  Whipple,  at  the  northeastern  end,  near 
Olenwood.  varies  from  12  to  30  feet.  It  is  quite  shallow  along  the 
■western  shores,  and  there  are  a  number  of  sloughs  and  lakelets  which 
drain  into  the  lai^r  lake.  There  are  numerous  springs  about  the 
northeast  shore,  and  water  is  found  in  the  wells  of  the  village  at 
depths  of  14  to  40  feet.     The  water  stratum  is  of  sand  underlying 
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a  bed  of  blue  clay.     The  temperature  of  the  water,  on  the  18th  of 

July,  was  77"  F,  , 

Lake  Reno. 

Lake  Reno,  on  the  northern  boundary  of  Pope  county,  is  a  prai- 
rie lake  about  four  miles  long  and  two  miles  wide.  Its  northeast- 
em  extremity  is  much  narrower.  It  has  an  area  of  about  sii 
square  miles.  It  is  separated  by  a  sand-bar,  from  Maple  Lake  on 
the  north.  The  surrounding  country  is  rolling  praii-ie  nearly  level. 
The  banks  of  the  lake  show  a  subsoil  of  light  yellowish  clay. 
They  are  not  more  than  10  to  15  feet  above  the  water,  and  usually 
slope  gently  back,  without  any  abrupt  or  precipitous  shores  at  any 
point.  The  lake  has  an  even  clay  bottom,  and  in  the  central  part, 
has  an  average  depth  of  about  20  feet.  There  are  very  few  reeds 
or  rushes  and  no  islands.  At  the  northeastern  end  there  is  consid- 
erable timber,  the  principal  forest  trees  being  the  oak,  maple 
and  basswood.  The  larger  portion  of  the  surrounding  country  is. 
prairie.  The  water  is  slightly  alkaline  and  of  a  yellowish  hue, 
characteristic  of  broad  and  rather  shallow  lakes  which  are  easily 
stirred  to  the  bottom,  by  the  winds.  The  temperature  of  the 
water,  on  the  28th  of  Aug.,  was  72°Fah.  The  outlet  of  this  lake 
in  high  water,  is  into  the  Chippewa  river.  Its  inlets  are  temporary 
streams  from  the  adjoining  prairies  and  sloughs. 

Doufileia  County. 

The  lakes  of  Douglas  county,  are  unsurpassed  for  the  purity  of 
their  waters,  the  beauty  of  .their  scenery  and  general  attractive- 
ness. A  glance  at  the  map  will  show  that  there  is  a  large  number 
of  them.  But  it  is  not  their  number  so  much  as  it  is  their  beauty 
and  variety  which  impresses  any  one  who  studies  them  in  detail. 

NATURAL  DRAINAGE. 

The  western  half  of  Douglas  county  is  drained  by  the  Chippewa 
River  and  its  tributaries,  while  the  eastern  half  is  drained  through 
th?'Long  Prairie  Chain  of  lakes  into  the  river  of  that  name  which, 
beginning  at  Lake  Carlos,  of  which  it  is  the  outlet,  flows  east  and 
then  north  through  Todd  county,  and  discharges  into  the  Crow 
Wing  river  near  Motley. 
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The  "leaf  hills,"  whose  greatei^t  developemeat  is  in  the  south- 
east part  of  Ottter  Tail  County,  are  represented  in  the  northern 
towDshipa  of  Douglas.  There  are  some  conspicuous  eminences  on 
the  north  and  west  shores  of  Lake  Christina,  These  hills  rise 
from  75  to  150  feet  above  the  lake.  The  highest  point  reached  by 
the  railroad  near  the  southern  boundary  of  the  town  of  Lund,  is 
1378  feet  above  the  sea. 

Lake  Christina  is  about  1215  feet  above  the  aea.  The  general 
average  of  hill  and  valley  is  between  1230  and  1350  feet  above  the 
ocean.  Evansville  station  which  is  one  mile  south  of  the  tovm 
line,  has  an  elevation  of  1354  feet,  and  the  Chippewa  river  near 
Stowe's  Lake,  is  1339  feet  above  the  sea.  Some  of  the  highest 
points  in  the  town  are  on  sections  23.  25  and  36.  The  northern 
sections  of  the  adjoining  town  of  Millerville,  are  high  and  hilly. 
The  townahi|)  of  Leaf  Valley  as  its  name  implies,  is  a  broad  basin. 

In  Miitona  a  range  of  morainic  hills  extend  southwestward  past 
Lake  Miitona  and  west  of  Lake  Ida,  through  the  town  of  Molir  to 
lake  Oscar  and  beyond.  At  lake  Oscar  are  some  very  prominent 
and  massive  hills,  rising  from  100  to  200  feet  above  the  l.ike. 
This  central  ridge  of  the  country  is  the  "divide"  separating  the 
waters  which  find  their  way  into  Long  Prairie  river  from  those 
which  flow  westerly  into  the  Chippewa.  Alexandria  which'  is  situ- 
ated on  a  high  prairie  a  little  east  of  this  central  ridge,  has  an 
elevation  of  1392  feet.  Lake  Ida  is  a  little  more  than  1400  feet 
above  the  sea. 

The  Iiona:  Prairie  Ohala  of  Lakes. 

In  the  eastern  half  of  Douglas  county  there  is  a  chain  of  lakes 
remarkable  for  their  purity,  depth  and  beauty.  They  are  all  con- 
nected and  lie  within  a  radius  of  a  dozen  miles  of  Alexandria. 
Beginning  with  the  most  northern  and  the  highest  of  the  chain, 
they  are  Irene,  Miitona,  Ida.  Louise.  Mill.  Andrew,  Mary,  Lobster, 
Fish,  Latoka,  Cowdrey,  Darling,  Union.  Bergan,  Childs,  Victoria, 
Geneva,  Le  Homme  Dieu,  Carlos.  Only  the  largest  and  most  im- 
portant of  these  can  be  mentioned. 

Lake  Miitona 
is  the  largest  of  the  chain.     It  has  an  area  of  about  nine  square 


byGoO'^lc 


S70  ANKUAL  BEPOET. 

miles.  It  is  six  or  seven  miles  long  from  east  to  west,  and  about 
two  miles  wide.  It  has  two  inlets,  one  at  the  eastern  extremity 
and  another  at  the  northwestern.  Its  outlet  on  the  southwesteru 
side  discharges  into  Lake  Ida.  The  lake  has  an  elevation  above 
the  sea  of  a  trifle  over  1400  feet.  Its  shores  in  many  places  are 
bold  and  rise  abruptly  20  to  40  feet  above  the  water.  They  are 
covered  with  forests  except  in  a  few  places.  The  leaf  hills  to  the 
north,  dun  and  hazy  in  the  distance,  are  seen  from  centre  of 
the  lake.  There  are  large  areas  of  the  lake  which  are  shallow  and 
the  bottom  is  covered  with  a  dense  growth  of  aquatic  plants. 
Although  a  number  of  soundings  were  taken  in  different  parts  of 
the  lake,  only  one  place  of  considerable  depth  was  found  where 
the  line  showed  80  feet  of  water;  this  was  a  little  south  of  the  cen- 
tre. Other  parts  showed  30  to  50  feet,  bnt  the  majority  of  sound- 
ings gave  14  to  25  feet.  Uwiug  to  the  amount  of  vegetation  grow- 
ing, the  water  is  not  as  free  from  foreign  matter  as  some  lakes. 
It  is,  however,  clear,  sparkling  with  no  tinge  of  yellow.  There 
are  some  fine  springs  on  the  shores  of  this  lake,  and  some  stately 
forest  trees,  sugar  maple,  elm  and  basswood  are  flourishing.  The 
temperature  of  the  water  on  the  10th  day  of  August  was  75°  F. 
on  the  surface,  73.5°  F.  at  the  bottom.     Air  80°  F. 

Lake  Ida. 

Next  in  size  and  order  is  Lake  Ida.  It  is  four  and  a  half  miles 
long  and  one  to  one  and  a  half  miles  wide.  It  has  an  area  of  about 
five  square  miles.  It  lies  east  of  the  central  drift  ridge,  which 
divides  the  waters  of  the  county.  The  surrounding  country  is 
massive  rolling  drift,  and  on  the  eastern  side  is  well  timbered.  The 
water  is  very  pure  and  crystalline.  The  shores  are  strewn  with 
pebbles  and  small  sub-angular  boulders.  There  are  very  few  reeds 
and  rushes.  I  found  the  temperature  of  the  water  on  the  16th  of 
August  to  be  73°  F.,  air  81°  F.  The  inlet  of  Lake  Ida  is  at  the 
northern  end,  where  it  receives  the  surplus  water  of  Lake  Miltona. 
The  outlet  is  at  the  southeast  comer,  at  Alden's  Sour  and  saw 
mills,  whence  it  flows  south. 

Lake  Latoka. 

This  charming  little  lake  is  only  two  miles  from  Alexandria. 
It  is  about  one  and  a  half  miles  long,  and  half  a  mile  wide.  It 
lies  in  a  deep  and  quite  uniform  basin.     It  has  an  average  depth  of 
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fifty  feet,  the  greatest  being  eighty  feet  The  bluffs  around  the 
north  end  at  the  outlet  are  from  two  to  thirty  feet  high.  The 
soil  is  sand  and  gravel,  including  some  boulders.  The  water  is 
remarkably  pure  and  of  a  deep  bottle  green  color.  The  surround- 
ing country  is  covered  with  forest. 

Lake  Cowdrey, 

A  few  rods  north  of  Latoka  is  smaller  in  area  but  a  very  pretty 
lake.  Here  the  surplus  water  from  some  twelve  or  fourteen  other 
lakes  combine  and  send  a  deep  strong  current  north  to  Lake 
Darling. 

Lake  Darling. 

A  sheet  of  water  two  miles  long  and  a  mile  wide,  surrounded  by 
forests  of  stately  trees,  dry  and  bold  shores,  divided  by  a  bar  near 
the  northern  end  into  two  basins,  almost  two  lakes,  this  is  Lake 
Darling.  The  inlet  at  the  southern  extremity  is  a  deep,  stron^i^ 
cuA'ent  pouring  continually  into  this  lake  the  surplus  waters  of  a 
dosen  others.  •  The  depth  varies  from  sixteen  to  fifty  feet.  The 
water  is  clear  and  pure. 

Lake  Victoria  receives  the  drainage  from  half  a  dozen  smaller 
lakes  at  the  south.  There  are  two  arms,  an  eastern  and  western, 
both  have  inlets  and  combine  to  form  the  main  body  of  the  lake. 
The  western  arm  is  much  the  larger.  In  this  basin  the  great  mass 
of  the  water  lies.  Its  depth,  near  the  center,  vanes  from  40  to  50 
feet.  The  east  arm  ^  30  to  40  feet  deep.  Near  the  outlet  the  water 
becomes  shallow  and  reeds  are  numerous.  Id  the  center  of  the 
lower  part  of  the  lake  the  depths  vary  from  32  to  38.  The  water 
is  nfit  very  pure;  it  contains  a  considerable  amount  of  decaying  vege- 
table matter,  brought  down  from  swamps  and  shallow  lakes  above. 
The  shores  of  the  Victoria  are  generally  high  and  wooded.  The 
banks  where  exposed,  are  clay.  A  very  short  outlet,  crossed  by  the 
St.  F.  M.  &  M.  R.  R.  brings  us  to  the  next  link  in  the  chain. 

Lake  Geneva  is  nearly  two  miles  long  and  half  a  mile  wide.  Its  - 
waters  are  clearer  than  those  of  Victoria.  In  some  parts  it  is  also 
considerable  deeper.  Soundings  varying  from  30  to  60  feet  were 
made  in  the  south  half  of  the  lake.  There  is  clay  in  the  surround- 
ing bluffs  which  arise  10-20  feet  above  the  water.  The  R.  R.  has 
made  a  long,  high  "fill"  at  the  inlet.     In  consequence  of  these 
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factB  the  water  holds  in  suspension  considerable  earthy  matter,  giv- 
ing it  at  times  a  faint  yellowish  tinge. 

One  of  the  charms  of  this  chain  of  lake  and  the  country  adjacent 
is  the  presence  of  fine,  large,  forest  trees  which  the  ravages  of  the 
"woodman"  have  not  laid  low.  For  this  reason  the  shores  of  these 
lakes  are  particularly  attractive  as  places  of  resort  in  summer  and 
are  capable  of  such  improvement  at  small  expense,  as  would  make 
them  delightful  places  of  residence. 

Lake  Le  Homine  Dieu. 

This  lake  has  a  quite  irregular  shape  and  lies  in  two  distinct  de- 
pressions of  unequal  depth.  The  long  point  that  runs  out  from 
the  west  aide  is  continued  under  water  by  a  bar  extending  more 
than  half  way  across  the  lake.  In  the  southern  basin,  not  far 
from  the  inlet,  the  water  is  from  60  to  75  feet  deep.  In  various 
parts  of  this  basin  depths  varying  from  25  to  57  feet  were  found. 
The  lower  basin  at  the  north  end  of  the  lake  is  larger  and  includes 
a  deep  bay  on  the  west  side,  but  on  the  whole  this  portion  of  the 
lake  is  shallower  than  the  other. 

As  a  whole  it  is  one  of  the  mose  beautiful  sheets  of  water  in 
Minnesota.  The  shores  are  moderately  high  and  well-wooded.  It 
is  separated  only  by  a  narrow  bar  from  Lake  Carlos.  The  water  is 
clear  and  pure.  lu  this  respect  there  is  a  gradual  improvement  as 
we  proceed  down  the  chain.  Geneva  ia  purer  than  Victoria.  Le 
Homme  Dieu  is  purer  than  Geneva,  and  Carlos  is  the  purest  of  them 
all.  Temperature  of  Lake  Le  Homme  Dieu  July  13th  was  78=  F. 
air  84°. 


Lake  Carlos 

is  the  gem  of  this  group  of  lakes.  It  is  the  last  and  lowest  of  the 
series.  It  ia  the  immediate  source  of  Long  Prairie  river,  which 
forms  its  outlet  at  the  northeast  comer.  It  has  two  inlets,  one 
from  Lake' Doling  at  the  southern  extremity,  and  the  other  from 
Lake  L'Homme-Dieu.  It  thus  receives  the  surplus  waters  of  all 
the  other  lakes  north  and  south  and  the  drainage  of  six  townships. 
The  lake  in  some  places  is  150  feet  deep,  and  there  is  a  channel  av- 
eraging about  50  feet  deep,  extending  the  entire  length  of  the  lake. 
The  deepest  area  is  not  far  from  the  L'Homme-Dieu  inlet.  There 
are  shallow  areas  where  the  water  is  only  5  to  10  feet  deep,  further 
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dowD  the  lake.  It  is  about  five  miles  long  and  &  mile  wide.  The 
water  is  almost  perfectly  pure,  of  a  deep  bottle-green  color.  The 
color  however  varies  with  the  sky  and  weather,  and  is  sometimes  a 
deep  indigo  and  sometimes  a  lightdelicate  blue.  In  this  lake,  as  in 
many  others  which  have  been  explored  with  the  sounding  line  and 
other  appliances  for  discovering  what  lies  at  the  bottom,  it  was 
found  that  there  are,  under  the  level  surface  o£  the  water,  a  variety 
of  bill  and  dale,  plateaus,  ravines,  abrupt  declivities  and  gradual 
slopes  very  similar  to  the  irregulariities  of  the  country  around. 
Vegetation  too  flourishes  beneath  the  waves  as  vigorously  as  on  the 
main  land,  while  the  waters  are  thronged  with  fish  of  many  species 
and  of  delicious  flavor. 

There  are  many  indications  about  the  shores  of  these  lakes  of 
former  higher  levels  of  water.  There  are  old  beaches  and  half-ob- 
scured terraces  which  show  that  the  lakes  were  connected  at  no 
very  remote  date.  The  whole  of  "Alexandria  prairie,"  which  lies 
between  the  two  chains  of  lakes,  is  modified  drift.  The  gravels, 
sands  and  clays  are  finely  stratified  and  record  the  fact  that  at  the 
close  of  the  ice  age  some_  ancient  river  with  gentle  current  flowed 
here,  rearranging  and  depositing  in  their  present  positions'the  ma- 
terials which  the  glacier  had  brought  down. 

Lake  Osakis. 

On  the  eastern  boundary  of  Douglas  county,  but  lying  chiefly 
in  Todd  county,  is  Lake  Osakis.  It  is  about  seven  miley  ^oi^g. 
The  southern  part  is  a  mile  and  a  half  to  two  miles  wide.  The 
northern  part  is  narrow  and  deep.  The  depths  at  the  upper  end 
of  the  lake  varied  from  40  to  70  feet.  Near  Battle  point  50  feet 
of  water  were  found  repeatedly.  In  the  broader  part  of  the  lake 
there  are  large  areas  of  shallow  water,  varying  from  five  to  fifteen 
feet,  the  average  depth  being  about  twenty-five  feet.  Around  the 
southern  part  of  the  lake,  the  prairie  slopes  down  gradually  to  the 
water's  edge.  Some  of  the  shores  are  low  and  wet.  At  other 
points  they  are  from  ten  to  twenty  feet  above  the  water.  The 
water  varies  in  purity.  In  the  deep  parts  at  the  north  end  it  was 
quite  pure.  In  shallower  places  and  where  the  mud  stirs  the  whole 
volume  to  the  bottom,  it  has  the  yellowish  hue  characteristic  of 
the  more  alkaline  lakes. 
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Lake  Oscar. 


Among  the  hills  in  tlie  southweatem  part  of  the  county  are  a 
multitade  of  small  lakes,  the  largest  of  which  is  Lake  Oscar.  The 
surrounding  country  is  rolling,  and  there  are  some  abrupt  declivi- 
ties aaid  massive  hills  of  drift,  whose  summits  are  from  50  to  150 
feet  above  the  lakes.  There  is  a  fringe  of  oaks  about  the  lake, 
and  a  forest  on  the  northeast  stretches  awav  to  Alexandria  and 
beyond.  Toward  the  west  and  south  lies  a  prairie  country.  The 
outlet  of  Lake  Oscar,  in  high  water,  is  into  the  Chippewa  river. 
Its  only  tributaries  are  other  and  smaller  lakes.  The  basin  is  sub- 
divided by  various  points  and  bars.  The  outlet  is  very  irregular. 
ThLt  interlocking  of  land  and  water  gives  the  most  charming 
scenery.  The  shores  are  bold,  being  in  several  places  30  to  40 
feet  above  the  water.  The  lake  is  about  SO  feet  deep  in  its  largest 
basin,  growing  shallower,  of  courae,  about  the  shore's  points.  The 
temperature  of  water  75°  F.,  and  the  air  58=  F.  to  80°  F. 

In  the  extreme  northwestern  part  of  the  county  is  Lake  Chris- 
tina, which  has  an  area  of  about  six  square  miles,  but  is  very  shal- 
low. The  water  is  a  decidedly  yellow  and  muddy.  It  is  full  of 
reeds  and  rushes.  Its  shallow  depths  and  the  rills  and  runlets 
pouring  down  from  clay  deposits  keep  it  looking  very  much  like 
Missouri  river  water.  It  is  rather  exceptional  in  this  respect 
among  the  lakes  of  this  region.  Pelican  take,  which  joins  it  ou 
the  southwest,  is  clear,  although  the  lake  also  is  shallow  and  the 
water  clouded  and  alkaline.  Neither  of  these  lakes  are  attractive. 
although  to  one  passing  by  on  the  railroad,  which  runs  between 
them,  they  may  appear  so. 

Otter  Tail  is  the  banner  county  of  the  State  for  lakes.  It  is 
said  by  those  who  have  given  their  minds  to  counting  them,  that 
there  are  430  lakes  in  the  county.  This  number  of  lakes  is  not 
represented  on  any  maps  that  I  have  seen.  Still  the  number  is 
sufficiently  large,  as  any  one  will  admit  who  has  traveled  over  the 
county. 

The  relation  of  these  lakes  to  the  great  moraine,  that  gigantic 
relic  of  the  glacial  age,  which  Mr.  Upham  haa  traced  through  the 
State,  is  both  intimate  and  interesting.  A  glance  at  the  map 
shows  that  the  lakes  occupy  the'central  townships  of  the  county. 
The  eastern  and  western  tiers  of  towns  have  none,  or  a  few  small 
lakes.  This  distribution  of  the  lakes  corresponds  with  the  posi- 
tion and  bearing  of  the  moraines.    Entering  the  county  at  the 
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north,  in  the  town  of  Hobart,  the  general  direction  of  the  drift 
deposit  is  southeast  until,  in  the  vicinity  of  Fergus  Falls,  it  tends 
aoutheast  and  east,  and  then  swings  northeast,  where  its  greatest 
deyelopment  is  seen  in  the  "leaf  nets,"  as  they  are  popularly 
called.  This  hilly  area  is  gemmed  with  lakes.  Every  depression 
in  the  rough  and  rolling  ground  holds  a  mirror  to  the  sky  and 
clouds.  They  are  of  all  sizes,  shapes  and  depths.  Some  have  out- 
lets, the  largest  ones  especially;  others  have  none,  except  in  very 
high  water;  others  have  no  outlet  whatever  at  anytime.  Of  some 
'  the  water  is  whitish  or  clouded,  holding  in  solution  mineral  sub- 
stances derived  from  the  clays  and  gravels  of  the  shores.  Others 
are  apparently  perfectly  pure,  colorless  and  sparkling. 

It  is  manifestly  impossible  to  examine  all  these  lakes  in  a  single 
season.  Only  those  were  _3elected  which  are  typical  or  in  some 
respects  remarkable.  Of  the  smaller  lakes  Lake  Sewell  in  St.  Olaf 
is  as  good  a  representative  as  any  other. 

Lake  Setcell. 

It  is  about  two  miles  long  and  half  a  mile  wide.  The  shores  are 
not  very  high  and  generally  slope  gently  to  the  water's  edge.  There 
is  a  fringe  of  trees  and  shrubs  of  the  common  species  about  the 
lake,  but  most  of  the  country  is  massive  rolling  prairie  with  fre- 
quent lakelets  and  sloughs. 

It  was  ascertained  by  sounding  that  the  lake  is  35  to  40  feet 
deep  in  the  central  or  deeper  parts.  As  there  is  no  erosion  of  the 
banks  the  waters  are  quite  pure  and  free  from  mineral  substances. 
The  bottom  or  floor  of  the  lake  is  clay  covered  by  gravel  stones 
and  the  beaches  are  deposits  of  sand  and  pebbles. 

In  all  these  smaller  lakes  the  same  feature  are  repeated  over  and 
oirer.  A  large  number  of  these  lakes  have  no  visible  outlet  except 
in  very  high  water,  !The  channel — of  the  outlet — is  grass  grovra 
and  dry,  except  a  weeks  or  perhaps  a  few  days  in  the  year. 

Lake  Cliikerall. 

This  beautiful  sheet  of  water  is  nearly  four  miles  long  and  one 
mile  wide.  It  has  a  deep  bay  extending  tovrard  the  south,  a  dis- 
tance of  two  miles.  The  south  shore  is  densely  wooded  and  pre- 
sents to  the  observer  on  the  north  side  a  very  picturesque  appear- 
ance. The  shores  at  various  points  are  bold  and  high,  and  there 
is  a  fringe  of  forest  trees  on  the  north  side  also,  where  the  village 
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of  Clitherall,  a  Mormon  settlement,  stands.  There  are  one  or  two 
bars  extending  nearly  across  the  lake  so  that  the  water  does  not 
lie  in  one  continuous  basin.  Our  soundings  gave  for  the  east  part 
of  the  lake  a  depth  varying  from  15  to  44  feet,  and  for  the  west 
part  from  10  to  32  feet.  The  water  is  clear  and  had  at  the  date  of 
our  visit,  August  1,  a  temperature  of  77°  F.  This  lake  lieR  at  an 
elevation  of  1332  feet  above  the  sea.  Its  outlet  is  at  the  north- 
west side  and  discharges  into  West  Battle  Lake. 

West  Battle  Lake. 

This  lake  lies  in  two  basins.  The  western  half  is  nearly  twice 
as  wide  aa  the  eastern.  The  shores  are  in  some  places  hold  and 
abrupt,  rising  40  to  60  feet  above  the  lake.  At  other  points  the 
prairie  slopes  gently  down  to  the  water.  There  is  not  much  for- 
est. Nearly  all  the  surrounding  country,  especially  at  the  western 
extremity  is  cultivated  prairie.  The  lake  is  over  six  miles  long. 
The  we^rn  part  is  about  two  miles  wide;  the  eastern  division 
about  one  mile  wide.  A  high,  wooded  hill  or  promontory  on  the 
north  side  marks  the  line  of  division.  Our  soundings  were  made 
in  the  western  part  of  the  lake.  The  bottom  of  the  lake  is  un- 
even. There  are  ridges  and  shallow  places  out  some  distance  from 
the  shore.  We  found  repeatedly  about  50  feet  of  water.  The 
depths  vary  rapidly  within  short  distances.  The  mass  of  the  drift 
about  these  lakes  is  siliceous;  some  of  these  hluth  are  almost  pure 
sand;  these  crumble  under  the  action  of  frost  and  weather  and  are 
distributed  over  the  bottom  of  the  lake  by  the  waves.  All  the 
beaches  are  sand  and  pebbles.  There  is  very  little  vegetation  in 
the  waters  of  this  lake. 

Owing  to  the  purity  of  its  water  and  the  inequalities  of  depth, 
this  lake  presents  the  most  rapid  and  beautiful  play  of  colors. 
There  is  not  a  more  charming  or  attractive  spot  in  Minnesota  than 
the  vicinity  of  Battle  lakes.  They  lie  in  midst  of  the  famous 
Park  Kegion,  srroves,  lakes,  cultivated  farma,  unoccupied  wood- 
land conspire  to  give  variety  and  beauty  to  the  scenery. 

West  Battle  hike  has  two  outlets,  one  from  Lake  Clitherall,  the 
other  from  East  Battle  lake.  Its  outlet  is  on  the  north  side  and 
after  passing  through  several  smaller  lakes,  discharges  into  Otter 
Tail  lake  at  Balmoral  mills. 
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East  Battle  Lake, 

The  country  around  East  Battle  lake  is  very  broken  and  hilly. 
The  Leaf  mountains  lie  a  few  miles  to  the  southwest.  Several 
small  streams  convey  the  drainage  of  these  hills  to  the  lakes.  The 
baain  of  this  lake  is  very  irregular.  There  are  numerous  promoa- 
tories,  points  and  bays.  The  depth  varies  from  twenty  to  forty 
feet.  Only  a  small  part  of  the  lake  was  sounded,  as  no  safe  boat 
could  be  obtained.  The  bills  and  shores  of  the  lake  are  covered 
with  trees  and  shrubs.  The  outlet  into  West  Battle  lake  has  evi- 
dently run  much  wider  and  larger  than  now.  It  flows  through  a 
low  meadow  or  swamp,  and  is  still  a  considerable  stream  about  ten 
feet  wides. 

On  a  high  bluff  between  these  lake»  are  a  series  of  mounds 
which  have  the  appearance  of  having  been  a  fortified  camp.  Some 
of  them  are  long  and  four  to  six  feet  wide.  Others  are  nearly 
round.  The  largest  round  mound  is  about  six  feet  high,  25  feet 
across  the  top,  and  180  feet  in  circumference.  There  are  about  a 
4Jozeu  of  the  mouuds  together. 

Otter  Tail  Lake. 

This  is  the  largest  body  of  water  in  the  county.  Indeed  in  this 
whole  lake  district  which  embraces  parts  of  Becker,  Otter  Tail, 
Douglass,  Pope  and  Kandiyohi  counties,  there  is  no  lake  which  can 
compare  with  this  in  size.  It  is  about  ten  miles  long  and  three 
miles  wide.  Its  longest  direction  is  from  northeast  to  southwest. 
It  has  three  inlets,  one  from  the  south  and  two  from  the  north. 
The  largest  of  these  is  known  as  Otter  Tail  creek  and  is  the  outlet 
of  Rush  lake.  A  large  inlet  also  flows  down  from  Dead  lake  on 
the  north.  At  Balmoral  iliIIs  on  the  south  side  it  receives  the 
surplus  waters  of  the  Battle  lake  chain.  The  soundings  were 
in  the  southern  central  part  of  the  lake  going  out  from  Balmoral 
mills.  For  distance  of  half  a  mile  or  more  from  the  shore  the 
water  is  quite  shallow,  only  six  to  eighteen  feet  of  water,  Towiird 
the  centre  of  the  lake  it  deepens  to  forty,  fifty  and  sixty  feet. 
This  deeper  area  was  followed  for  some  distance  toward  the  head 
of  the  lake,  when  the  high  wind  prevented  further  measurements. 
The  temperature  of  the  water  on  the  30th  of  July  was  74°  F., 
air  78*  F.  Prof.  Owen  took  the  temperature  of  this  lake  on  the 
18th  of  June,  and  found  it  65=  F.,  air  64*  F.  The  water  is  not 
perfectly  pare.     It  has  the  yellowish  or  clouded  color  characteris- 
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tic  of  shallow  lakes  with  clay  bottoms  and  shores.  The  soil  on 
the  southern  side  is  sandy;  at  other  points,  however,  the  clay  is 
exposed  and  the  feeders  are  colored  by  the  clay  deposits  through 
which  they  flow. 

The  lake  is  without  islands  or  any  bold  and  prominent  indenta- 
tions of  the  shore.  It  is  therefore  less  picturesque  and  attractive 
than  some  other  and  smaller  sheets  of  water.  The  outlet  of  Otter 
t  Tail  lake  ia  the  Red  River  of  the  North,  formerly  known  as  the 
Otter  Tail  river.     It  is  here  30  to  40  feet  wide. 

The  southeastern  shores  of  the  lake  are  fringed  with  trees.  Fur- 
ther north  the  prairie  comes  to  the  water's  edge.  On  the  western 
and  northern  shores  are  forests,  interspersed  with  some  fertile 
prairies  or  openings. 

Dexul  Lake. 

Northwest  of  Otter  Tail,  are  several  lakes  of  irregular  shape,  sui^ 
rounded  by  forests  and  morainic  hills  and  deposits  of  clay.  Ap- 
proaching Dead  lake  from  the  south,  near  its  outlet,  a  fine  growth 
of  native  forest  trees  is  encountered.  The  sugar  maple,  basswood, 
oak,  elm,  ash  and  ironwood  are  especially  noticeable.  The  lake  it- 
self is  divided  by  bars  and  points,  into  severaj  distinct  basins  and 
bays.  The  bottom  is  as  irregular  in  shape  as  the  shore  line.  The 
main  body  of  the  lake  is  shallow.  Our  soundings  gave  from  10  to 
25  feet  of  water.  There  is  a  good  growth  of  reeds,  wild  rice  and 
other  vegetation  in  the  lake.  There  are  aj  few  small  islands. 
The  shores  are  full  of  boulders,  both  granite  and  limestone  rock. 
It  is  indeed  a  lake  of  the  woods,  difficult  of  access,  but  wild  and 
picturesque,  a  favorite  haunt  of  water  foul  and  other  game.  The 
principal  tributary  is  a  small  stream  which  connects  it  with  Star 
lake. 

The  country  to  the  east  is  rough  and  hilly.  One  hill  near  the 
outlet  rises  abruptly  98  feet  above  the  water.  On  the  north  side 
the  shores  slope  more  gently  and  smoothly  to  the  water.  Further 
still  to  the  northwest  is  a  chain  of  very  beautiful  lakes,  lying  on 
the  west  side  of  the  great  moraine  and  tributary  to  Pelican  river. 
These  are  Lakes  Lida  and  Lizzie  and  Pelican  lake.  Between  these 
lakes  and  on  the  east  side,  there  is  a  fine  forest  of  hard- wood  trees, 
of  species  already  mentioned.  On  the  west  side  the  prairie  stretches 
away  toward  the  Red  river.  All  the  surrounding  country  is  rolling 
and  uneven.  The  largest  of  the  three  takes  is  Lake  Lida.  It  is 
about  seven  miles  longand  two  miles  wide.     A  narrower  arm,  about 


byGoO'^lc 


STATE   OEOLOQIST.  '  279 

oae  mile  wide,  extends  south  from  the  main  body  of  the  lake  for 
two  miles.  The  eastern  shore  is  wooded  and  hilly.  The  western 
shore  is  more  level  and  the  forest  soon  gives  place  to  the  prairie. 

Between  Lakes  Lida  and  Lizzie,  which  formerly  constituted  one 
lake,  there  are  several  old  beaches,  now  covered  with  forest  trees, 
indicating  that  the  former  level  of  the  lake  was  from  seven  to  ten 
feet  higher  than  it  is  at  present. 

The  outlet  of  Lake  Lida  is  at  the  north  end.  It  is  a  strong  cm> 
rent  of  water,  three  feet  deep  and  fourteen  feet  wide.  The  tem- 
perature of  the  late  on  the  13th  of  September  was  63°  P.,  air  70°. 
The  lake  varies  in  depth  from  10  to  40  feet.  About  the  shores  it 
is  shallow.  The  water  is  very  pure  and  clear.  There  are  several 
iiue  springs  about  the  shores.  There  lure,  in  the  vicinity  of  these 
lakes,  a  number  of  cranberry  marshes  from  which,  without  any 
effort  at  cultivatioji,  a  good  many  bushels  of  cranberries  are  gath- 
€red  every  year. 

Lake  Lizzie. 

The  southern  part  is  quite  shallow  and  narrow  and  61]ed  with 
reids  and  rushes  for  some  distance  out  from  the  shore.  The  nor- 
thern part  is  broader  and  deeper.  The  eastern  shore  is  covered  by 
forest,  while  on  the  western  side  the  prairie,  in  some  places,  comes 
nearly  to  the  lake.  The  country  is  massively  rolling,  and  as  agen- 
«ral  rule  sandy,  but  there  are  also  large  deposits  of  clay.  One  well, 
on  the  west  side  of  this  lake,  was  dug  78  feet,  through  sand  and 
gravel,  and  another,  a  quarter  of  a  mile  away,  60  feet,  ^through 
clay.  The  outlet  of  Lake  Lizzie  is  the  Pelican  river,  at  this  point 
40  feet  wide  and  3  to  4  feet  deep.  About  a  mile  west  of  the  out- 
let the  river  spreads  out  into  Prairie  lake,  which  has  an  area  of 
about  two  square  miles.  The  quality  and  temperature  o£  the  water 
did  not  differ  materially  from  that  of  Lake  Lida.  There  are  two 
small  islands  of  about  two  acres  each  in  this  lake. 


Pelican  Lake. 

This  is  a  very  picturesque  and  beautiful  lake  with  high  bold, 
high  shores  wooded  on  the  eastern  and  prairie  at  the  western  end 
The  water  is  very  pure  and  sparkling.  The  depth  varies  from  8  to 
4ft  feet.  On  the  south  side  are  some  excellent  springs.  The  ex 
posures  of  soil  on  lake  shores  are  sandy;  no  clay  was  seen.  The 
bottom  is  uery  uneven,  especially  in  the  south  arm,  which  is  some- 
19 


byGoO'^lc 


380  ANNUAL  RBPOET. 

times  called  Fish  lake.  From  this  arm  the  outlet  discharges  its 
waters  into  Lake  Lizzie. 

This  country  is  not  thickly  settled.  A  large  amount  of  land  is 
ntill  unclaimed.  The  tide  of  emigratioD  has  swept  into  the  more 
fertile  and  better  advertised  Red  River  Valley. 

These  three  lakes  with  seven  or  eight  others  in  Becker  county, 
which  lie  above  them,  constitute  the  Pelican  chain  and  are  a  grand 
reservoir  of  water  feeding  that  river  with  perpetually  fresh  sup- 
plies. 
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IX. 

REPORT    OF  PROGRESS 


GLACIAL  DRIFT  AND  ITS  TERMINAL  MORAINES. 


BT  WABBXN  UFHAX. 


The  work  of  exploration  during  1880,  of  which  the  following 
13  a  partial  report,  waa  begun  on  the  Iflth  day  of  April  and  closed 
on  the  3d  of  December,  the  distance  traveled  by  horse  and  wagon 
in  this  time  being  abont  4,500  miles.  Excepting  a  trip  of  six 
weeks  between  the  St.  Croix  and  MisBisaippi  rivers  and  through 
the  south  part  of  Steams  county,  to  a  north  limit  in  Pine,  Kana- 
bec, Mille  Lacs  and  Crow  Wing  counties,  the  remainder  o£  this 
year  was  spent  in  the  examination  of  the  region  lying  south  of 
the  Minnesota  river,  to  an  east  limit  in  Dakota,  Rice,  Steele  and 
Preebom  counties.  These  districts  have  been  explored  in  respect 
to  their  topography,  economic  geology,  glacial  drift,  and  their  few 
exposures  of  the  older  rocks.  Information  has  also  been  gathered 
concerning  the  flora,  areas  of  forest  and  prairie,  and  water-powers. 

New  observations  of  rocks  underlying  the  drift  include  a  Creta- 
ceous sandstone  seen  in  Altavista,  the  northeast  township  of  Lin- 
coln county,  at  a  few  points  in  northwestern  Lyon  county,  and  at 
one  place  in  Martin  county;  an  area  of  the  red  Potsdam  quartzyte, 
extending  22  miles  from  east  to  west  in  northern  Cottonwood 
county,  and  reaching  into  the  edge  of  Adrian,  the  northwest  town- 
ship of  Watonwan  county,  and  of  Stately, the  southwest  township 
of  Brown  county;  and  several  outcrops  of  granite,  gneiss  and 
schists,  occurring  10  to  20  miles  southwest  of  the  Minnesota  river, 
in  Yellow  Medicine  and  Redwood  counties.     Records  have  been 
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secured  of  the  strata  passed  through  by  deep  wells  at  Hastings, 
Mendota,  Owatonna  and  Monkato,  the  last  being  2,201  feet  deep, 
not  penetrating  the  Potsdam  formation;  and  of  several  wells 
which  go  through  the  drift  and  a  small  depth  into  the  bed-rock, 
in  Waseca,  Freeborn  and  Faribault  counties,  which  have  no  out- 
crops of  rocks  on  the  surface. 

Additions  have  also  been  made  to  our  knowledge  of  the  Lower 
Silurian  rocks  exposed  on  the  Blue  Earth  river  and  its  tributaries; 
of  tbe  Potsdam  qoartzyte  io  Pipestone  and  Rock  counties,  and  in 
Minnehaha  county,  lying  at  the  west  side  of  the  latter,  in  Dakota; 
of  the  St.  Croix  sandstone  and  copper-bearing  rocks  at  the  east 
side  of  the  State;  and  of  the  outcrops  of  syenite,  granite  and  gneiss 
in  Benton  and  Stearns  counties;  most  of  which  Professor  Win- 
chell  has  examined  and  in  part  described  in  the  earlier  reports  of 
this  survey. 

Four  counties,  namely,  Steele,  Freeborn,  Pipestone  and  Rock, 
which  had  been  previously  reported  on,  were  again  explored  with 
special  reference  to  the  glacial  drift;  and  notes  were  gathered  for 
the  general  description  of  the  following  seventeen  counties:  Chi- 
sago, Isanti,  Wa-ieca.  Faribault,  Blue  Earth,  Brown,  Watonwan, 
Martin,  Jackson,  Cottonwood,  Redwood,  Lyon,  Murray,  Nobles, 
Lincoln,  Yellow  Medicine  and  Lac  qui  Parle. 

Nine  of  these  twenty-one  counties  have  no  exposure  of  the  bed- 
rocks, and  the  greater  i>art  of  each  of  the  others  is  without  such 
outcrops.  Our  observations  therefore  relate  chiefly  to  the  superfi- 
cial deposits  of  drift,  and  of  these  the  portions  which  have  added 
most  to  our  knowledge  of  the  succession  of  events  in  geological 
history,  are  the  ranges  of  drift  hills  denominated  terminal  moraines. 
A  remarkable  formation  of  this  class  has  been  traced  in  an  irregu- 
lar, looped  course  through  Minnesota.  Our  exploration  has  also 
been  extended  southward  into  Iowa,  in  order  to  !eam  whether  the 
two  parts  of  this  series  which  reach  beyond  the  south  line  of  the 
State  ai^e  connected  by  a  continuous,  curving  belt,  being  thus 
shown  to  have  been  formed  at  the  same  epoch.  The  present  report 
treats  principally  of  this  fonnation,  which  is  believed  to  have  been 
accumulated  at  the  margin  of  a  vast  ice-sheet  that  overspread  the 
northern  half  of  North  America  in  the  latest  completed  period  of 
geological  time,  as  the  Antarctic  continent  and  the  interior  of 
Greenland  arc  now  buried  beneath  ice  thousands  of  feet  deep. 
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The  region  covered  by  this  exploration,  like  that  lying  next  to 
the  north,  traversed  by  the  writer  in  1879,  and  described  in  that 
year's  report,  is  thickly  overspread  by  the  glacial  drift,  with  very 
rare  exposures  of  the  bed-rocks,  except  in  deeply-excavated  valleys, 
aa  of  the  Minnesota  river.  Along  this  river  the  drift-sheet  is  from 
100  to  200  feet  thick,  and  it  extends  with  a  similar  depth  over  the 
western  two-thirds  of  Minnesota  and  over  large  areas  in  Michigan, 
Wisconsin,  Iowa,  Dakota  and  the  region  farther  northwest  drained 
by  the  Assiniboine  and  Saskatchewan  rivers. 

Within  the  portion  of  Minnesota  explored  during  these  two 
years,  the  material  of  this  thick  sheet  of  drift  nearly  every- 
where is  the  unmodified  deposit  of  the  ice-sheet,  composed  of  clay, 
sand,  gravel  and  boulders,  mixed  indiscriminately  in  an  unstratified 
mass.  Very  finely  pulverized  rock,  forming  a  stifE,  compact,  unc- 
tuous clay,  is  its  principal  ingredient,  whether  at  great  depths  or 
at  the  surface.  This  formation  is  denominated  till,  boulder-clay 
or  hardpan.  Layers  of  stratified  gravel  and  sand  are  enclosed  in 
this  deposit,  and  are  the  source  of  the  sudden  inflow  and  rise  of 
water  frequently  found  in  digging  wells. 

The  till  upon  the  western  two-thirds  of  this  State  has  a  dark 
blueish  color,  except  in  its  upper  portion,  which  is  yellowish  to  a 
depth  that  varies  from  5  to '50  feet,  but  is  most  commonly  between 
15  and  30  feet.  This  difierence  of  color  is  due  to  the  influence  of 
air  and  water  upon  the  iron  contained  in  this  deposit,  changing  it 
in  the  upper  part  of  the  till  from  the  protoxide  state  to  hydrated 
sesquioxide.  Another  important  difference  in  this  till  is  that  its 
upper  portion  is  more  commonly  softer  and  easily  dug,  while  be- 
low there  is  a  sudden  change  to  a  hiird  and  compact  deposit,  which 
must  be  picked,  and  is  often  three  times  as  expensive  for  exca- 
vating. There  is  frequently  a  thin  layer  of  sand  or  gravel  be- 
tween these  kinds  of  till,  which  have  their  division  line  at  a  depth 
that  varies  from  5  to  30  or  very  rarely  40  feet.  Owing  to  the 
more  compact  and  impervious  character  of  the  lower  till,  the 
change  to  a  yellow  color  is  usually  limited  to  the  upper  till.  The 
probable  cause  of  this  difi'erence  in  hardness  was  the  pressure  of 
the  vast  weight  of  the  ice-sheet  upon  the  lower  till,  while  the  up- 
per till  was  contained  in  the  ice  and  dropped  loosely  at  its  melting. 
The  motion  of  the  ice-sheet  upon  this  part  of  the  State  was 
from  the  north  to  the  south  or  southeast,  as  is  shown  by  the  di- 
rection in  which  the  boulders  of  the  drift  in  this  region  have  been 
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carried,  and  by  the  courses  of  glacial  striee,  or  the  scratches  and 
grooves  worn  on  the  surface  of  the  bed-rock  by  stones  and  boul- 
ders pushed  along  in  the  ice.  Most  of  the  limestone  boulders  and 
blocks  that  occur  frequently  in  the  drift  throughout  western  Minne- 
sota, are  like  limestone  strata  which  are  found  in  Manitoba;  these 
are  their  nearest  outcrops,  but  they  may  underlie  the  drift  in  por- 
tions of  western  and  northwestern  Minnesota.  The  boulders  of  gran- 
ite, syenite,  gneiss  and  schist,  which  abound  here  and  southward 
through  lova  to  the  limit  of  the  drift  in  Missouri,  have  been  de- 
rived from  the  Laurenbian  highlands  north  of  Lake  Superior,  and 
from  the  broad  area  of  these  rocks  which  reaches  southwestward 
across  Minnesota  to  the  Coteau  des  Prairies,  The  masses  of  cop- 
per that  are  found  rarely  in  the  drift  of  southern  Minnesota  and 
Iowa,  west  of  the  driftless  area,  were  almost  certainly  brought 
from  the  vicinity  of  Lake  Superior,  and  demonstrate  that  the  cur- 
rent of  the  ice-sheet  by  which  they  were  carried  was  first  south- 
west and  then  south.  Outcrops  of  the  red  Potsdam  quartzyte  are 
found  at  various  places  from  New  Ulm  west-south  west  to  the 
James  nYcr.  North  from  this  district  the  drift  contains  no  boul- 
ders of  this  rock,  but  southward  they  are  common;  and  though 
this  formation  extends  into  Iowa  only  at  its  northwest  corner,  its 
fragments  have  been  spread  by  the  ice-current  through  the  till  of 
that  State  west  of  the  Des  Moines  river  and  its  east  branch,  but 
not  farther  east. 

Everywhere  a  great  part  of  the  material  of  the  drift  has  been 
supplied  by  the  rocks  which  form  the  region  adjoining,  in  the 
direction  from  which  the  ice-current  came.  Boulders  and  pebbles 
of  any  peculiar  kind  of  rock  which  can  be  referred  to  a  particular 
source,  are  most  abundant  within  the  first  ten  or  twenty  miles 
from  their  parent  ledges;  and  they  diminish  in  numbers  and  aver- 
age sij;e  as  the  distance  from  their  source  increases.  While 
the  drift  is  always  made  up  largely  in  this  manner  from  the  format 
tions  of  its  vicinity,  some  parts  of  its  mass,  including  both  fine  detri- 
tus and  boulders,  were  gathered  at  great  distances.  Fragments  of 
Laurentian  rocks  in  the  till  south  and  west  of  Minnesota,  appear 
to  have  been  carried  by  the  ice-sheet  from  500  to  700  miles. 

Upon  the  district  lying  between  the  St.  Croix  and  Mississippi 
rivers,  along  the  St.  Louis  river  to  its  bend  in  T.  51,  R.  20,  and  on 
both  aides  of  Lake  Superior,  the  till  is  reddish,  its  color  some- 
times being  nearly  like  that  of  red  brick.  Generally,  also,  the 
stratified  gravel,  sand  and  clay  of  this  region  are  similarly  colored. 
Eastward  these  red  drift  deposits  extend  through  northern  Wiscon- 
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sin  and  the  upper  peninsula  of  Michigan  and  southward  into  cen- 
tral and  southern  Wisconsin  at  the  east  side  of  the  driftless  area. 
The  color  of  this  drift  is  caused,  as  Col.  Charles  Whittlesey  has 
suggested*,  hj  the  presence  of  a  considerable  portion  of  hematite, 
the  anhydrous  sesquioiide  of  iron,  derived  from  the  large  areas 
north  and  south  of  Lake  Superior,  which  are  occupied  by  rocks 
bearing  this  ore.  Boulders  within  this  region  have  been  trans- 
ported from  the  northeast  to  the  southwest  and  south;  and  the 
courses  of  glacial  strite  are  iu  these  directions.  The  red  till  in 
eastern  Minnesota  was  thus  deposited  by  a  part  of  the  ice-sheet 
which  came  from  Lake  Superior,  and  extended  southwestward  to  a 
limit  that  coincides  approximately  with  the  course  of  the  Missis- 
sippi from  Brunerd  to  Hastings;  while  in  other  parts  of  the  State, 
blue  till,  colored  yellowish  near  the  surface,  was  formed  by  a  part 
of  the  ice-sheet  which  moved  from  the  northwest  and  north. 

The  terminal  moraines  which  form  the  principal  subject  of  this 
report,  show  that  the  southern  portion  of  the  continental  ice-sheet 
was  divided  into  great  lobes,  each  having  a  central  current  in  the 
direction  of  its  longer  axis,  with  diverging  currents  bending  from 
this  and  becoming  perpendicular  to  its  border.  The  red  and  blue 
tills  were  the  deposits  o£  two  such  ice-lobes  which  overspread  Min- 
nesota from  the  northeast  and  northwest.  During  the  most  severe 
epoch  of  the  ice  age,  before  that  in  which  the  terminal  moraines 
of  Minnesota  were  accumulated,  an  ice-sheet  reached  much  farther 
south,  to  a  limit  20  to  100  miles  southwest  and  south  of  the  Mis- 
souri river  and  within  a  less  distance  north  of  the  Ohio  river.  Por- 
tions of  this  glacial  sheet,  moving  from  the  northeast,  north,  and 
northwest,  enclosed  an  area  about  150  miles  long  from  north  to 
south  and  100  miles  wide,  lying  principally  in  southwestern  Wis- 
consin, but  extending  into  Illinois,  Iowa  and  southeastern  Min- 
nesota, which  was  not  covered  by  ice  and  has  no  till  nor  striee. 
This  driftless  area  has  a  less  average  height  than  the  adjoining  re- 
gions which  were  glaciated.  Climatic  conditions  of  greater  snow- 
fall and  lower  temperature  seem  to  have  produced  the  ice-fields, 
which  lay  at  each  side  of  this  tract  and  were  confluent  farther 
south.f  The  wedge-shaped  area  of  highland  that  reaches  south- 
west from  Keweenaw  Point,  at  the  south  side  of  Lake  Superior, 
and  the  depressions  of  Lake  Michigan  and  Lake  Superior,  have 
also  been  regarded  as  the  causes  of  this  division  of  the  continental 
glacier,  t 

*0n  the  Freitli-waier  Glaclnl  Drilt  ol  the  Korthwestein  Slates,  lu.Snilthsoulan  Coq- 

tilbutloTU,  I8«4,  pp.  B  and  9. 
IProt.  J.  D,  Dans,  in  Ani.  Jour.  8tl.,  April.  18T6  :  Third  series,  vol.  xv.,v|).  280— I5B 
tProt.  N.  H.  WIncbell,  in  lUtb  An.  Rep.  on  Gcol.  Siir.  ol  MiDU.,  ISre.  up.  38  and  91 :  mud 

Frol.  B.  D.  IrrlDg,  in  Geology  ol  Wisconsin,  vol.  11.  isn. 
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The  occurrence  of  tbis  driftlesa  tract  shows  that  the  ice-shett 
which  reaches  farthest  south  was  divided  in  portions  that  mored 
independently,  with  divergiag  and  converging  currents;  and  tbsi 
in  respect  to  the  districts  over  which  they  extended,  these  glacial 
movements  corresponded  to  the  lobes  that  formed  the  southern 
part  of  the  ice-sheet  at  the  later  time  when  the  looped  moraines  of 
Wisconsin,  Minnesota,  Iowa  and  Dakota  were  pushed  out  at  its 
margin. 

The  red  and  blue  tills  were  being  deposited  during  each  of  these 
epochs,  and  where  the  blue  overlaps  the  red,  as  in  Hennepin 
county,  both  may  have  been  formed  while  the  ice-sheet  reached  to 
its  farthest  limit,  covering  all  tbis  region  excepting  the  drjftless 
area  at  the  southeaet.  Differences  in  climate,  intervening  between 
the  early  and  late  portions  of  this  epoch,  would  then  appear  to 
have  extended  the  ice-fields  on  the  west,  pushing  back  the  glacial 
current  which  came  from  the  northeast,  by  which  the  red  drift 
was  brought.  The  later  ice-sheet  which  formed  our  terminal  mo- 
raines was  here  divided  into  lobes  that  similarly  advanced  from 
the  northwest  and  northeast,  approaching  near  each  other  at  the  west 
and -east  borders  of  Minneapolis,  and  meeting  in  northern  Dakota 
county,  a  few  miles  farther  south.  At  this  time  the  ice-fields  mov- 
ing from  the  northwest  extended  here  at  least  several  miles  east- 
ward over  the  edge  of  the  earlier  sheet  of  red  till;  and  it  may  be 
found,  by  more  full  and  detailed  study  of  the  terminal  moraines 
through  this  part  of  the  State,  that  all  the  blue  till  overlyingjthe 
edge  of  the  red  till  was  brought  during  this  last  glacial  epoch,  in 
which  a  new  deposit  of  red  drift  was  also  spread  over  eastern  Min- 
nesota to  the  moriune  that  was  then  formed  by  the  ice-fields 
moving  from  the  northeast. 

TEBMINAL  UOBA.INES. 

Within  the  last  five  years  a  very  important  contribution  to  our 
knowledge  of  the  ice  age  has  been  made  in  the  discovery  of  dis- 
tinct aeries  of  drift-hills  which  appear  to  have  been  accumulated  at 
the  margin  of  the  continental  ice-sheet,  corresponding  to  the  ter- 
minal moraines  of  alpine  glaciers.  The  most  notable  of  these 
deposits  which  have  been  found  at  the  extreme  limit  of  glacial 
action  is  the  series  of  drift-hills  which  has  been  explored  by  Pro- 
fessors Cook  and  Smock  across  northern  New  Jersey,*  and  by  the 
writer  through  the  entire  length  of  Long  Island,  and  on  Block 
* AnnvalRtport  of  tncStatt  OeoUigtit  for  Ihevtarisn,  pp.  B-32,yiiat  map. 
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Islatid,  Martha's  Vineyard  and  Nantucket,"  Five  to  thirty  miles 
north  of  this  line  a  second  morainic  series  extends  from  Port  Jef- 
ferson eastward  along  the  north  shore  of  Long  Island,  through 
Plum  and  Fisher's  islands,  along  the  soiith  shore  of  Rhode  Island, 
forms  the  chain  of  the  Elizabeth  islands,  and  reaches  along  Cape 
Cod  to  its  east  shore. t  In  Pennsylvania  the  continuation  of  these 
moraines  westward  is  now  being  traced  by  the  second  geological 
survey  of  that  State.  The  extreme  limit  of  the  glacial  drift  has 
not  yet  been  found  to  be  marked  by  extraordinary  deposits  in  the 
interior  of  the  United  States;  but  a  most  notable  series  of  termi- 
nal moraines,  north  of  this  line  and  probably  contemporaneoua 
with  that  of  Cape  Cod,  is  found,  as  shown  by  Professor  Chamher- 
lin.J  stretching  across  Ohio,  and  represented  in  northern  Indiana, 
southern  Michigan,  northeastern  niinois,  and  very  remarkably  in 
the  Kettle  Moraine  of  Wi3consin.§ 

Plate  VI.,  at  the  end  of  this  report,  shows  the  course  of  this 
formation  from  central  Wisconsin  to  the  Coteau  du  Missouri,  the 
direction  of  glacial  movements,  and  the  driftless  area.  In  Wiscon- 
sin this  follows  the  descriptions  and  maps  of  the  geological  survey 
by  Professors  Chamberlin  and  Irving.  The  terminal  mormne 
marking  the  limit  of  the  ice-fields  which  pushed  southwestward 
from  Lake  Superior  in  our  last  glacial  epoch,  continuous  with  the 
Kettle  Moraine  of  Wisconsin,  enters  MLaneaota  at  the  west  side  of 
St.  Croix  lake,  is  crossed  twice  by  the  Mississippi,  7  to  10  miles 
south  of  St.  Paul,  and  again  between  this  city  and  Fort  Snelling, 
and  reaches  thence  northward  between  Saint  Paul  and  Minneapo- 
lis, to  the  hills  of  Manomin  and  Mound  View.  Its  course  thence 
north  and  northwest  to  the  Leaf  hills  has  not  jet  been  fully  ex- 
plored. The  plan  for  the  field-work  of  1881  covers  this  district 
.tnd  the  valley  of  the  Red  river,  which  was  occupied  by  the  glacial 
Lake  Agassiz  during  the  recession  of  the  ice-sheet,  as  partially  de- 
scribed in  my  preliminary  report  for  1879.  That  report  also  de- 
scribed this  terminal  moraine  in  its  course  from  the  Leaf  hills  in 
southern  Otter  Tail  county,  southward  through  Douglas  and  Pope 
counties,  eastward  through  Kandiyohi,  Meeker  and  Wright  coun- 
ties, and  again  southward  through  Hennepin,  Scott,  Rice  and  Le 
Sueur  counties;  showing  that  this  series  of  drift  hills,  extending 
250  miles,  if  we  include  also  the  medial  moraine  that  continues  50 
miles  north  from  the  Leaf  hills  to  White  Earth  Agency,  was  accu- 
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mukted  at  the  northeast  side  of  a  prolonged  lobe  of  the  ice-sheet 
which  reached  from  the  Leaf  hills  southward  ioto  Iowa,  having  its 
west  side  at  the  Goteau  des  Prairies. 

The  exploration  of  this  terminal  moraine  in  1880,  as  detailed  in 
the  following  pages,  continues  from  the  limit  of  the  preceding 
jear,  at  the  south  side  of  Hice  and  Le  Sueur  counties,  through 
Steele,  Waseca  and  Freeborn  counties,  and  into  Iowa  to  Mineral 
Sidge  in  northern  Boone  county,  a  distance  southward  of  140  miles; 
and  reaches  along  the  west  side  of  the  U-shaped  course  of  this 
formation  from  the  north  part  of  Guthrie  county,  in  Iowa,  to 
Spirit  lake  and  northeastern  Oeceola  countr  at  the  north  line  of 
the  State,  across  southwestern  Minnesota  upon  the  Coteau  des 
Prairies,  and  into  Dakota  to  t.  119,  r.  50,  in  Grant  county,  20 
miles  southwest  of  Big  Stone  lake,  a  distance  of  260  miles;  making, 
upon  both  sides  of  this  morainic  loop,  &  total  of  400  miles.  The 
moraine  described  by  Dr.  C.  A.  White,*  in  Hancock  and  Kossuth 
counties,  Iowa,  at  first  supposed  to  mark  the  southern  end  of  the 
ice-lobe  at  the  border  of  which  this  curved  series  of  hilly  and 
tnoUy  drift  was  accumulated,  appears  instead  to  be  a  medial  mo- 
raine, connected  with  the  east  side  of  this  loop  which  reaches 
southward  beyond  the  center  of  Iowa. 

Beyond  the  western  limit  of  this  exploration  in  Dakota,  our 
map  is  based  on  the  various  authorities  which  are  cited  in  the  de- 
scription of  the  apparently  medial  moraine  which  reaches  from  the 
Head  of  the  Coteau  des  Prairies,  west  of  Lake  Travene,  275  miles 
northwesterly  to  the  Devil's  lake  and  Turtle  mountain,  and  of  the 
looped  terminal  moraine  which  extends  south  at  the  west  side  of 
the  Big  Sioux  river,  then  west  across  the  lower  part  of  the  James 
river  and  northwest  upou  the  Goteau  du  Missouri.  The  features 
of  these  moraines  upon  our  national  boundary  at  Turtle  mountain 
and  at  the  northwest  corner  of  Dakota,  the  latter  being  outside 
the  area  of  this  map,  are  from  Mr.  George  M.  Dawson,  of  the 
Geologicid  Survey  of  Canada.  Still  farther  north  the  continuation 
of  the  moraine  of  tlie  Goteau  du  Missturi  is  briefly  described  from 
the  writings  of  the  same  author,  and  from  the  report  of  Prof.  H. 
T.  Hind  on  explorations  in  the  region  of  the  Assiniboine  and  the 
South  and  North  Saskatchewan  rivers. 

Professor  Hind  also  gives  an  account  of  channels  that  have  been 
deeply  excavated  in  the  glacial  drift,  and  have  since  become  par- 
tially filled,  so  that  the  present  streams  flow  through  long  lidies. 
The  most  remarkable  of  these  channels  or  valleys  is  that  which 
•Geotogyot  Iowa,  mo,  voL  I.,  pp.  W  and  M. 
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reaches  from  the  elbow  of  the  South  Saskatchewan  to  the  Asami- 
boiae  river,  being  occupied  bj  the  River  that  Turns  and  the  Qu'Ap- 
pelle  or  Calliog  river.  Gen.  Q.  K.  Warren  has  called  attention* 
to  the  similarity  of  these  valleys  with  that  which  was  the  outlet  of 
Lake  Agassiz  and  now  contains  Lakes  Traverse  and  Big  Stone  and 
the  Minnesota  river.  -  The  formation  <if  the  valleys  described  by 
Professor  Hind  may  be  well  referred  to  causes  like  that  which  is 
believed  by  the  writer  to  have  formed  the  Minnesota  valley,  name- 
ly,  the  existence  of  lakes  within  basins  which  slope  to  the  north 
or  northeast,  held  by  the  barrier  of  the  ice-sheet  during  its  reces- 
sion northward  at  the  close  of  the  glacial  period,  and  outflowing 
over  the  present  lines  of  watershed  until  the  departure  of  the  ice 
permitted  drainage  to  take  place  as  now.  By  applying  this  expla- 
nation to  the  ancient  channels  which  evidently  have  carried  large 
rivers  southeastward  over  the  watersheds  of  the  basins  of  the  South 
Saskatchewan  and  Souris  rivers,  we  are  enabled  to  note  the  suc- 
cessive steps  by  which  the  ice-sheet  retreated.  After  it  had  been 
melted  away  upon  Dakota  and  nearly  to  the  north  line  of  Minne- 
sota, it  appears  to  have  re-advanced,  forming  the  apparently  con- 
temporaneous terminal  moraines  of  the  Blue  hills  and  the  Me- 
sahi  range,  the  former  reaching  75  miles  east  from  the  lower  part 
of  the  Souris  or  Mouse  river,  and  the  latter  extending  through 
northern  Minnesota  eastward  from  the  sources  of  the  Mississippi. 
Lake  Agassiz  filled  the  depression  which  lies  between  these  mo- 
rainic  series,  concealing  the  coarser  drift  beneath  its  stratified  sand 
and  clay. 

The  material  of  the  terminal  and  medial  moraines  which  have 
been  explored  during  1879  and  1880,  extending  650  miles,  is  nearly 
everywhere  till,  or  chiefly  till  with  scanty  deposits  of  modified 
drift.  The  latter  consists  of  obliquely  and  irregularly  stratified 
gravel  and  sanil,  the  gravel  often  being  very  coarse,  with  pebbles 
and  rounded  stones  of  all  sizes  up  to  a  foot  or  more  in  diameter. 
It  either  occurs  enclosed  in  the  till,  forming  beds  and  masses  of 
variable  shapes  from  a  few  indies  to  several  feet  in  thickness,  or 
rarely  it  is  spread  upon  the  surface  and  forms  knolls  and  ridges. 
Xo  considerable  area  or  large  portion  of  the  entire  mass  of  this 
formation  is  found  to  consist  of  this  modified  drift,  assorted  and 
deposited  in  layers  by  currents  of  water,  within  this  region;  hut 
n  some  parts  of  the  course  of  these  series  of  terminal  drift  depos- 
its, as  notably  on  Long  Island,  they  are  made  up  wholly,  ao  far  as 
can  be  seen  on  the  surface  and  in  excavations,  of  such  stratified 
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beds.  The  till  of  the  moraines  differs  very  noticeably  from  the 
more  level  areas  of  till  which  generally  lie  at  each  side;  in  that 
the  former  has  many  more  boulders,  and  a  much  larger  intermix- 
ture of  gravel  and  sand  than  the  latter.  On  an  average,  probably 
twenty  times  as  many  rock-fragments,  both  large  and  small,  occur 
in  the  morainic  hills  and  knolls  as  on  the  smoother  tracts,  and 
sometimes  the  ratio  is  a  hundredfold.  The  smaller  pebbles  and 
stones  have  angular  and  unworn  forms,  or  more  frequently  are 
rounded,  probably  by  water-wearing  before  the  glacial  period,  or 
show  planed  and  striated  surfaces,  due  to  grinding  under  the  mov- 
ing ice-sheet.  The  large  boulders  are  mostly  less  than  live  feet, 
but  rarely  are  ten  feet  or  more  in  diameter.  In  form  they  are 
subaugular  and  of  irregular  shape,  rarely  showing  any  distinctly 
water-worn  or  glaciated  surface. 

In  contour  these  deposits  are  very  uneven,  consisting  usually  of 
many  hillocks,  mounds  and  ridges  of  rough  outlines  and  broken 
slopes  with  enclosed  hollows,  which  are  sometimes  nearly  round, 
but  more  generally  have  some  irregular  form,  often  holding 
sloughs  and  lakelets.  The  only  indication  of  system  appears  in 
the  frequently  noticeable  trends  of  the  elevations  and  depressions 
in  a  direction  approximately  parallel  with  the  course  of  the  series. 
It  should  be  added  that  the  ridges  which  occur  as  part  of  this  for- 
mation differ  from  the  ridges  of  interbedded  gravel  and  sand  called 
kames,  in  their  material,  which  is  boulder-clay  or  till;  in  their 
trend,  at  right  angles  with  the  course  in  which  the  ice  moved, 
while  series  of  kames  extend  nearly  in  the  direction  taken  by 
glacial  currents;  and  in  their  length,  single  ridges  of  the  moraines 
being  only  from  a  few  rods  to  a  quarter  of  a  mile  or  very  rarely 
perhaps  a  half  mile;  long,  while  a  single  ridge  in  a  series  of  kames 
is  generally  longer,  and  is  sometimes  distinctly  traceable  ten  or 
twenty  miles.  In  this  State,  however,  prolonged  kames,  compara- 
ble with  those  of  Sweden  and  Scotland,  and  those  recently  de- 
scribed in  Maine  by  Prof.  George  H.  Stone,  in  Massachusetts  by 
Rev,  G.  F.  Wright,  and  in  New  Hampshire  by  the  wi-iter,  have  not 
been  found.  Besides  the  very  rough,  knolly  and  ridgy  portions  of 
moraines,  in  some  other  districts  within  the  extent  of  these  explo- 
rations they  have  only  a  prominently  rolling  surface,  moulded  in 
smooth  swells  of  moderately  st«ep  and  gracefully  curved  slopes, 
also  trending,  wherever  any  uniformity  is  noticeable  in  the  direc- 
tion of  the  series.  Neither  these  nor  any  other  drift  accumula- 
tions observed  in  this  region  have  the  smoothly  oval  contour  of 
the  remarkable  lenticular  hills  of  till  described  by  Prof,  C  H. 
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Hitchcock  and  other  writers  in  New  England;  and  the  trends  of 
these  two  classes  of  drift  hills  differ  ninety  degrees  in  their  relation 
to  the  course  of  motion  of  the  ice-sheet. 

The  height  of  the  moraine  elevation  above  the  intervening  hol- 
lows is  generally  from  26  to  75  or  100  feet.  The  only  district 
where  they  are  higher  for  any  considerable  part  of  the  series  is  the 
Leaf  hills,  which  through  a  distance  of  20  miles  rise  from  100  to 
850  feet  above  the  adjoining  country.  Upon  the  Coteau  of  the 
Prairies  and  the  Coteau  of  the  Missouri  moraines  lie  on  areas  of 
highland,  to  the  altitude  of  which  they  appear  to  add  75  or  100 
and  rarely  150  or  200  feet. 

For  agriculture  the  value  of  these  terminal  and  medial  moraines 
is  much  less  than  that  of  the  gently  undulating  till  which  gener- 
ally covers  other  parts  of  this  region.  Among  the  hills  of  this  for- 
mation, however,  ore  found  considerable  areas  which  have  a  smooth 
surface,  nearly  free  from  boulders,  and  possess  a  highly  productive' 
soil.  In  other  districts  the  entire  morainic  belt  is  in  smooth 
swells,  being  all  good  farming  land.  The  portions  which  are  too 
knollyand  stony  for  desirable  cultivation  afford  excellent  pasturage; 
for  the  greater  part  of  this  formation  like  the  region  through  which 
it  extends,  is  prairie,  or  natural  grass  lands,  without  tree  or  bush. 
Its  rough  and  hilly  belts  occupy  at  the  most,  only  a  width  of  a  few 
miles,  and  nowhere  merit  the  description  which  Owen,  usually  a 
very  accurate  observer,  gave  of  them  in  northern  Iowa,  where  he 
reported  that  "a  desolate,  barren,  knobby  country pre- 
vails for  about  three  quarters  of  a  degree  of  latitude,  and  between 
three  and  four  degrees  of  longitude,  embracing  the  watershed 
where  the  northern  branches  of  the  Red  Cedar  and  Iowa,  and  the 
eastern  branches  of  the  Des  Moines,  take  their  rise."*  The  south- 
ward continuation  of  the  Minnesota  moraines  has  been  traced  by 
the  writer,  as  hereafter  described,  through  this  district,  which  is 
found  with  the  exception  of  narrow  belts,  to  be  like  nearly  all  the 
region  explored  during  these  two  years,  very  productive  and  easily 
cultivated  land. 

Among  the  principal  additions  to  our  knowledge  of  the  glacial 
period  afforded  by  the  explorations  |here  reported,  we  may  place, 
first,  the  occurrence  of  two  well  marked  morainic  series,  composed 
of  hilly  and  knolly  drift,  each  a  few  miles  in  width,  divided  by  a 
belt  of  smoother  surface,  from  two  or  three  to  twenty-five  miles 
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wide,  extending  through  nearly  this  entire  di.itaDce  of  400  miles. 
This  is  found  to  he  the  character  of  the  deposits  accumulated  both 
at  the  eiist  and  west  borders  of  the  ice-lobe,  which  reached  south- 
ward from  Minnesota  to  central  Iowa.  In  Yellow  Medicine  and 
Lac  qui  Parle  counties  a  third  morainic  range  extends  through  a 
distance  of  forty  miles,  and  is  continued  beyond  in  Dakota.  As 
the  course  of  the  formation  makes  a  loop  like  the  letter  U,  having 
been  accumulated  by  ice-fields  covering  the  district  enclosed,  the 
outer  moraine  on  each  side  is  known  to  have  been  first  made;  then* 
after  a  retreat  of  the  ice-sheet,  probably  followed  by  a  re-advancet 
the  inner  moraine  was  formed;  and,  lastly,  the  third  range,  which 
lies  still  farther  within  this  area;  for  the  inner  series  would  have 
lost  their  roughly  knolly  and  hilly  contour,  if  they  had  been  cov- 
ered by  a  moving  ice-sheet,  forming  terminal  deposits  beyond  them. 
Since  the  observation  of  this  twofold,  and  in  part  threefold  char- 
acter of  this  formation,  the  writer  finds  that  Professor  Chamber- 
lin  records  it  as  similarly  exhibiting  three  distinct  morainic  belts, 
divided  by  smootber  tracts,  in  a  section  between  Black  Brook  (T. 
32,  R.  16)  and  St.  Croix  Falls,  at  the  west  side  of  Wisconsin.* 

A  second  observation  of  mueli  importance  is  that  the  abundance 
of  lakes  which  dot  the  maj)  of  Minnesota  and  northern  Iowa,  ex- 
tends only  to  the  outer  line  of  the  moraine  here  described,  which 
appears  to  have  been  accumulated  at  the  border  of  the  ice-sheet  in 
our  last  glacial  epoch.  In  southeastern  Minnesota  the  glacial  drift 
reaches  tifty  miles  farther  east  to  the  driftless  area,  and  in  south- 
western Minnesota  covers  Pipestone  and  Rock  counties,  beyond 
this  moraine;  butwtbin  these  districts,  and  upon  the  large  area  in 
eastern  and  southern  Iowa,  and  in  northern  Minncflotit.  which  are 
covered  by  drift,  lakes  are  very  rare,  and  none  of  any  considerable 
size  exist.  Professor  Chamberlin  ha.s  also  noted  the  same  pres- 
ence of  many  lakes  along  the  belt  of  the  Kettle  Moraine  and  north- 
ward in  Wisconsin,  and  their  absence  from  the  region  southward. 
As  to  what  this  remarkable  difference  teaches  concerning  the  rela- 
tive a^  of  the  drift  upon  these  areas,  or  the  conditions  attending 
the  earlier  epoch,  when  an  ice-sheet  extended  much  farther  south, 
we  are  not  yet  prepared  to  express  an  opinion. 

Another  point  to  which  we  wish  to  call  the  attention  of  glacial- 
ists  is  the  great  length,  in  proportion  to  the  width,  of  the  ice-lobe 
which  accumulated  at  its  east  and  west  sides  the  looped  moraine 
that  reaches,  in  nearly  parallel  belts,  from  the  Leaf  hills  400  miles, 
and  from  the  Head  of  the  Coteau  des  Prairies  3oO  miles,  south- 
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southeast  to  central  Iowa.  The  distance  between  the  exterior  lim- 
its of  these  belts,  which  measitres  the  width  of  this  iee-lobe  at  its 
greatest  extent,  is  from  85  to  125  miles.  ILwe^comparP  this  with 
its  length,  and  consider  the  approximating  tooff  and  uniform  char- 
acter of  the  district  covered  by  the  ice,  and  the  areas  at  each  side 
which  it  did  nob  cover,  it  seems  to  be  a  necessary  conclusion  that 
this  prolongation  of  the  icfr^heet  beyond  the  great  expanse  which 
it  wholly  covered  farther  north,  was  due  principally  to  greater 
snowfall  and  colder  temperature  upon  the  district  occupied  by  this 
ice-lobe,  than  on  the  adjoining  areas  at  the  east  and  west.  Some 
portion  of  these  ice-fields  was  doubtless  supplied  by  a  glacial  cur- 
rent from  the  north,  but  the  greater  part  was  apparently  the  re- 
sult of  local  climatic  conditions.  The  maps  accompanying  Pro- 
fessor Dana's  article  on  the  causes  of  the  driftless  area,  already  re- 
ferred to,  indicate  that,  the  present  aqueous  precipitation  upon 
these  districts  continuing  unchanged,  a  very  cold  climate  would  he 
likely  to  produce  an  ice-sheet  lobed  like  that  of  our  last  glacial  ep- 
och; and  tha*^,  with  increased  cold,  it  might  extend  farther  south, 
enclosing  an  area  not  covered  by  ice. 

The  origin  of  the  series  of  drift  bills  here  described  is  confident- 
ly referred  to  the  action  of  the  continental  ice-sheet,  accumula- 
ting then  at  its  margin  and  in  medial  Hoes  within  the  ice-covered 
areas  where  converging  glacial  currents  were  pushed  together. 
This  conclusion  is  required  by  the  partly  near  and  partly  remote 
sources  of  their  material;  by  its  generally  unstratified  condition;  by 
its  transportation  next  to  these  faill-ranges  in  courses  nearly  at 
right  angles  toward  them,  and  by  the  variable  elevation  of  the  se- 
ries, conforming  to  all  the  irregularities  in  altitude  of  the  region 
across  which  it  extends.  Tables  of  heights,  determined  by  railroad 
surveys  within  this  region,  and  a  list  of  elevations  of  these  mo- 
raines, are  placed  at  the  close  of  this  essay. 

Directions  in  which  glacial  currents  moted  are  shovra  on  the 
map  by  arrows  and  dofted  lines,  which  in  this  State  represent  the 
observations  recorded  in  the  following  table. 

Coursti  of  Glacial  Strife  in  Minnesota, 
Rerernd  lo  the 


North  shore  of  Lake  Superior  (Norwood  and  Whittlesey) S.  25'— 45°  W. 

Termilion  lake  (Whittlesey) S.  15°  W. 

Rainj  lake  (Whittlesey) S.  40°— 60°  W. 

Lake  of  the  Woods  (G.  M.  Dawaon) mosUy  S.W. 
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Ouluth W.  S.  W. 

Hinckle;,  Pine  county S.  5'  W. 

Watab,  Benton  county S.  l-i'  W. 

St.  Croix  FeJIb  (Chamberlin) S.  35°  E. 

Mimieapolie,  NicoUet  ialaad S.  5°  E. 

Uinneapolie,  Hennepin  iiland b.  22°  E. 

Minneapolis,  quarry  opp.  UoiTendty S.  12°  £. 

Big  Stone  lake 8.  E. 

Granite  Falls S.45°— 50°E. 

Beaver  FaUs S.  60°  E. 

FortRidgely S.  60°  E. 

Redstone,  near  New  Ulm S.  25°  E. 

Jordan S.  E. 

Posen,  Yellow  Medicine  county S.  50°  E. 

Echo,  Yellow  Medicine  county S.  50° — 55°  E. 

T.  111.  R.  38,  Redwood  county 8.  50°— 60°  E. 

Stately,  Brown  county S.  50°— 55°  E. 

Gennantown,  Cottonwood  county S.  80°  E.  and  S.  70°  E. 

Dale,  Cottonwood  county 8,20°— 35°  E. 

Araboy,  Cottonwood  county S.  35°— 70°  E. 

Delton,  Cottonwood  county S.  15°— 80°  E. 

Selma.  Cottonwood  county 8.  18°~22°  E, 

Adrian,  Watonwan  county 8.  20°— 30°  E. 

Pipestone  quarry S.  20°— 30°  W. 

Mound,  Rock  county 8.  25°— ;»°  W, 

1  ^  iiiiies  N.  W.  from  last 3.  amd  S.  35°  W. 

North  weet  comer  of  Iowa  (White) S.  —  S.  8°  E. 


THE  TEBHIKAL  UORAUTB  IN  STEELE,  WASECA  AND  FBEEBORN  COOlirnKS. 

South  from  Faribault  to  the  Iowa  line  this  fonnation  consists  of 
two  belts  of  knolly  and  hilly  till,  from  one  to  several  miles  in 
width,  extending  from  north  to  south,  divided  by  a  tract  of  gently 
undulating  till,  from  eix  to  fifteen  miles  wide.  In  Steele  county 
the  eastern  or  outer  morainic  belt  extends  through  Merton,  Ha- 
vana, Aurora  and  Blooming  Prairie,  its  eastern  range  of  townships. 
It  occupies  the  greater  part  of  Merton,  at  the  northeast  corner  of 
this  county;  but  its  hillocks,  mounds  or  swells  are  only  from  20 to 
30  and  rarely  40  feet  high.  Most  of  them  consist  of  till,  or  drift 
clay,  enclosing  boulders;  but  here  and  there  are  mounds  of  irregu- 
larly stratified  fine  gravel  and  sand.  The  east  third  of  Havana  has 
a  similar  rolling  surface,  bordering  the  west  part  of  Rice  lake. 
Through  Aurora  this  moraine  is  well  exhibited  in  scattered  mounds 
and  hillockis,  15  to  40  feet  high.  On  the  road  from  Owatonna  to 
Blooming  Prairie  and  Austin,  it  is  crossed  in  sections  9, 15  and  22, 
being  here  about  three  miles  wide.     At  Aurora  station,  and  for  IJ 
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miles  soUtli,  iiliia  formation  is  finely  seen  at  the  east  side  of  th* 
railroad,  by  which  it  is  crossed  in  section  28,  The  boundariefl  of  the- 
moraine  *re  very  definite  in  this  township.  Its  narrowest  place  in 
the  coanty  ia  found  in  section  28,  north  of  which  it  is  indebted  on 
its  northwest  side  by  a  tract  of  lowland  and  marsh,  ^hich  lies  next- 
west  of  the  railroad,  reducing  the  width  of  the  hilly  tract  to  on« 
mile.  At  the  west  and  southwest  this  quickly  widens  t^in  t6  two 
or  three  miles,  covering  sections  29,  30,  31  and  32,  of  Aurora,  and 
sections  25  and  36  of  Somerset,  with  a  profusion  of  knolls  and 
hills,  20  to  50  feet  high,  sprinkled  with  boulders,  principally  graji- 
ite  and  gneiss,  mostly  less  than  two  feet  in  diameter,  with  occa- 
sional blocks  or  slabs  of  limestone,  sometimes  t^  or  8  feet  long. 
These  elevations  are  seldon  prolonged  more  than  a  few  hundred 
feet.  The  trend  of  their  large  axis  is  more  frequently  from  east 
to  west  than  otherwise,  but  this  is  not  very  noticeable.  From  the 
southeast  comer  of  Somerset  the  moraine  turns  southward,  imd 
extends  in  typical  hills  and  short  ridges  through  the  west  two  ranges 
of  sections  in  Blooming  Prairie,  Here  the  trend  of  its  separate 
elevation  is  most  frequently  from  north  to  south,  being  parallel,  as 
before,  in  its  east  to  west  trends,  with  the  course  of  the  whole  se- 
ries. In  the  west  part  of  sections  8  and  17,  Blooming  Prairie 
these  rough  hillocks  are  well  exhibited,  being  20  to  nO  feet  above 
the  depressions,  and  75  or  100  feet  above  the  neighboring  creek. 

Thi^  eastern  belt  of  drift  hills  and  knolls  in  Freeborn  county  is 
from  a  half  mile  to  one  and  a  half  miles  wide.  It  extends  south, 
through  Ne  wry,  Moscow  and  Oakland .  in  the  east  range  of  townships 
of  this  county, and  next  passes  southwest  through  thesoutheast  cor- 
ner of  Haywiird  and  the  center  of  Shell  Roek,  the  two  southern 
townships  of  the  range  next  west.  More  exactly.  it«  course  in 
Newry  is  through  sections  5,  S,  16,  21,  28  and  33,  and  in  Moscow 
through  sections  4,  9, 16,  20.  30  and  31.  The  roughest  of  this  se- 
ries in  Freeborn  county  is  in  the  school  section  16,  in  Newry, 
where  it  presents  the  typical  morainic  contour  in  abundant  small 
hills,  short  ridges,  mounds  and  hollows  through  and  over  which 
a  road  extends  from  north  to  south.  In  Oakland  and  Shell 
Rock  this  morainic  belt  forms  the  water  shed  between  the  Cedar 
and  Shell  Rock  rivers.  Its  course  is  through  sections  6, 7,  17,  and 
the  east  part  of  18, 19  and  30,  Shell  Rock.  This  range  is  gener- 
ally 25  to  50  feet  above  the  smooth  and  nearly  level  or  gently  un- 
dulating till  on  each  side. 

The  western  or  inner  moraine  lies  in  eastern  Waseca  county,  and 
20 
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in  the  southwest  edge  of  Steele  county,  and  extends  from  north  to 
»oath  in  Freeborn  county  by  Albert  Lea,  The  width  of  this  mor- 
ainic  belt  varies  from  three  to  ten  or  twelve  miles.  Its  hills  are 
almost  universally  till  or  unmodified  glacial  drift,  rising  in  smoothed 
but  variable  slopes,  and  exhibiting  no  parallelism  or  system  in 
their  trends.  From  Okaman,  at  the  north  line  of  Waseca  county, 
southeastward  through  the  northeast  part  of  losca  and  in  the 
southwest  corner  of  Blooming  Grove,  two  miles  north  of  Waseca, 
these  elevations  are  30  to  50  feet  high.  Through  Woodsville.  with- 
in two  to  four  miles  east  and  southeast  trora  Waseca,  inconspicuous 
scattered  drift  hills  and  mounds,  constituting  a  generally  rolling 
s&rface,  represent  the  morainic  series.  In  Otisco,  the  next  town- 
ship south,  it  rises  to  its  usual  prominence  in  section  6,  one  and  a 
half  miles  east  of  Wilton,  where  we  finct  numerous  steep  ridges 
and  round  or  irregular  hills,  more  strewn  with  boulders  than  the 
other  portions  of  this  township,  which  are  moderately  rolling  and 
occasionally  hilly.  The  east  two  ranges  of  sections  in  New  Rich- 
land are  mainly  covered  by  morainic  mounds,  swells  and  hills,  80 
to  50  feet  above  the  intervening  hollows.  In  Steele  county  this 
formation  occupies  the  northwest  part  of  Meriden  and  the  western 
two-thirds  of  Lemond  and  Berlin  townships,  being  here  made  up 
of  massive  swells  of  smooth  contour,  20  to  40  feet  above  the  fre- 
quent depressions,  many  of  which  contain  sloughs.  The  east  por- 
tion of  this  rolling  land  is  three  or  four  miles  west  of  Straight 
river.  The  greater  part  of  the  basin  of  the  Shell  Rock  river  in 
Freeborn  county  is  included  in  this  morainic  belt,  which  expands 
to  a  breadth  of  8  to  12  miles.  In  range  21,  this  includes  Bath, 
Bancroft  and  Albert  Lea  townships,  and  the  northwest  half  of 
Freeman,  in  range  32,  the  southeast  third  of  Hartland,  Manches- 
ter, except  its  west  margin,  Pickerel  lake,  exepting  sections  6,  7, 
and  part  of  18,  and  Nunda,  and  in  range  23,  the  southeast  corner 
of  Alden,  and  Mansfield,  the  southwest  township  of  the  county. 
In  Mansfield  these  drift  hills  enclose  a  large  plain  of  modified  drift 
which  extends  five  miles  west  from  Bear  lake.  The  hills  of  this 
belt  are  mostly  rather  smooth  swells  of  gracefully  rounded  out- 
lines, but  often  with  steeply  sloping  sides.  No  prevailing  trend  is 
noticeable.  Their  most  conspicuous  developemeut  is  found  about 
three  miles  west-northwest  from  Albert  Lea,  being  within  a  mile 
westward  from  White  lake  in  sections  1  and  2  of  Pickerel  lake 
township.  Here  their  crests  are  from  75  to  100  feet  above  the 
hollows;  and  in  other  parts  of  this  county  they  are  generally  from 
40  to  60  feet  high. 
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Prominent  drift  hilla  which  occur  in  Kiester,  the  southeastern 
township  of  Faribault  county,  are  so  closely  connected  with  this 
moraine  in  southwestern  Freeborn  county,  that  they  appear  to  be 
a  part  of  the  same  belt,  and  are  probably  a  terminal  deposit  of  the 
ice-sheet.  If  so,  these  hills  show  that  near  the  close  of  this  glacial 
epoch  the  ico-margin  here  became  indented  by  a  re-entrant  angle, 
between  the  two  confluent  ice-currents  by  which  the  medial  mor- 
aine that  reaches  northwest  across  this  county  was  formed.  The 
most  hilly  portions  of  Kiester  are  its  south  side  for  a  width  of  one 
mile,  and  a  belt  through  its  northeast  portion  from  sec.  13  to  sees. 
3  and  4.  The  last  mentioned  hills  are  the  most  conspicuous  of 
this  region,  ant  are  visible  fifteen  miles  to  the  north  and  west. 
Their  height  is  from  100  to  300  feet  above  the  lowland  in  these 
directions  and  above  Bear  lake  in  Freeborn  county;  the  highest 
points,  which  are  in  the  southwest  quarter  of  section  three,  being 
about  1400  feet  above  the  sea.  These  are  massive  hills  of  till,  of 
irregular  outlines,  hut  trending  somewhat  more  from  east  to  west 
than  in  other  directions. 

Northwest  from  the  Kiester  hills,  a  belt  of  hilly  or  more  or  le^s 
rolling  land,  believed  to  becontemporaaeousin  origin  with  the  fore- 
going, and  formed  as  a  medial  moraine  by  conveying  ice-currents 
reaches  twenty  miles  to  the  southwest  part  of  Lura;  and  ten  miles 
beyond  appears  to  be  represented  by  a  hilly  and  rolling  tract  in 
the  northwest  part  of  Sterling,  in  Blue  Earth  county.  In  Foeter, 
the  township  next  north  of  Kiester,  it  is  boldly  rolling  in  hills  of 
till  50  to  75  feet  high,  from  section  28  north  and  northwest  by 
.  Rice  Lake,  where  it  extends  with  a  width  from  one-half  mile  to 
one  mile  at  each  side  of  the  lake.  Still  farther  northwest  the 
same  contour  and  material  border  the  east,  north  and  west  sides  of 
Walnut  lake,  including  the  most  of  sections  25  to  28  and  33  to  36, 
of  Walnut  lake  township.  In  sections  16  and  8,  2^  to  5  miles 
northwest  f-om  this  lake,  is  an  area  of  swells,  knolls,  and  north- 
west to  southeast  ridges,  30  to  40  feet  high,  of  very  gentle  slopes. 
composed  mainly  of  stratified  sand  and  fine  gravel,  as  shown  by 
wci  i :,  which  do  not  penetrate  these  deposits  of  modified  drift  at  the 
d>';th  of  50  feet.  In  Barber,  the  township  next  west,  a  promi- 
nt-ntlv  rolling  tract  is  found  about  the  little  lakes  in  sections  14, 
15,  ^2  and  25.  The  material  here  is  till,  and  its  swells  or  hills  are 
30  to  50  feet  above  the  hollows.  Tlirough  six  miles  thence  north- 
west a  more  or  less  rolling  surface  of  the  unmodified  glacial  drift 
continues  in  a  belt  about  two  miles  wide,  to  the  south-west  part  of 
Lura  and  the  east  edge  of  Delavan.     This  morainic  belt  divides  two 
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extezisive  areaa  of  till,  which  are  characterized  by  a  very  smooth, 
flat  surface. 


EXPLORATIOH   OF  THE  TERHtNAL  MORAINE  IK  IOWA. 

The  course  and  general  character  of  this  formation  in  its  con- 
tinuation from  Freeborn  county  southward  into  Iowa,  have  been 
explored  through  portions  of  Worth  and  Winnebago  counties^ 
Cerro  Gotdo  and  Hancock,  Franklin  and  Wright,  Hardin  and  Ham- 
ilton, Story  and  Boone  counties,  to  Mineral  Ridge  in  northern 
Boone  county,  90  miles  south  of  the  Minnesota  line.  Through 
the  north  half  of  this  distance  it  continues  in  two  belts  of  hilly 
and  knolly  or  rolling  till,  from  one  to  five  miles  in  width  extend- 
ing approximately  from  north  to  south,  nearly  parallel  with  each 
other,  and  divided  by  a  tract  of  slightly  or  moderately  undulating 
till,  5  to  15  miles  wide.  At  the  northeast  corner  of  Hancock 
county,  these  belts  are  united  by  a  notably  morainic  area,  three  or 
four  miles  in  width,  lying  at  the  north  side  of  Lime  creek,  and 
culminating  in  Pilot  Mound,  which  is  about  200  feet  high,  being 
the  most  prommenthill  found  in  the  whole  extent  of  this  moraine 
in  Iowa.  Westward  from  Pilot  Mound,  a  typically  morainic  belt, 
varying  from  one  half  mile  to  three  miles  in  width,  extends  in 
northern  Hancock  county  along  the  north  side  of  Lime  and  Silver 
creeks,  passing  about  a  mile  south  of  Forest  City,  and  by  Lake 
Edward,  Crystal  lake,  and  Buffalo  Grove,  to  Lake  (reorge,  terminat- 
ing ten  miles  west  of  the  principal  north  to  south  moraine,  of 
which  it  appears  to  be  a  medial  branch,  produced  by  convergent 
ice-currents.  Forest  City  and  Lake  Edward  are  respectively  five 
and  ten  miles  west  of  Pilot  Mound,  and  from  them  another  tract 
which  has  frequent  moratneaccumulatiousof  similar  medial  origin, 
varying  in  width  from  three  to  six  miles  or  more,  reaches  north- 
westward forty  miles  through  western  Winnebago  county  and 
northeaatem  Kossuth  county,  to  East  Chain  and  Fairmont,  in 
Minnesota. 

South  from  Pilot  Mound  in  Hancock  county,  this  terminal  line 
of  drift  hills  has  no  branch  like  the  foregoing  for  the  next  seventy 
miles,  to  Mineral  Ridge,  which  may  have  had  a  similar  origin,  but 
is  believed  to  he  more  probably  an  inner  belt  of  the  terminal  mor- 
aine, though  the  cause  of  its  outer  series,  supposed  to  continue 
southward,  has  not  been  explored.  Conspicuous  portions  of  this 
formation  are  found  in  eastern  Wright  county,  and  in  the  south- 
west part  of  tVanklin  county;  and.  its  entire  extent  has  a  promi- 
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nently  undulating,  rolling,  or  hilly  contour,  in  notable  contrast 
Trith  the  smooth,  slightly  undulating  luid  often  nearly  level  areas 
at  each  side.  The  material  of  these  tracts  is  chiefly  till,  with  the 
occasional  exception  of  plains  of  stratified  gravet  and  sand,  which 
extend  a  few  miles  east  or  southeast  from  the  moraine.  These 
deposits  of  modified  drift  are  believed  to  have  been  brought  by  riv- 
ers that  flowed  down  from  the  surface  of  the  ice-sheet  at  the  west. 
Irregularly  bedded  gravel  and  sand  occur  frequently  in  the  hillocks 
of  the  moraine,  sometimes  forming  their  entire  mass,  but  quite  as 
often  in  pockets  or  beds  of  small  extent  and  varying  from  less 
than  one  foot  to  ten  feet  or  more  in  thickness,  included  in  the  till 
which  almost  universally  makes  up  the  greater  part  of  this  forma- 
tion. Aside  from  such  enclosed  layers  of  modified  drift,  this  till 
rarely  shows  any  marks  of  stratification,  and  contains  more  boul- 
dera  than  upon  its  nearly  level  tracts. 

In  Worth  county  the  eastern  belt  of  this  moraine  enters  lowain 
sections  8  and  9,  Northwood,  and  extends  four  miles  southwest,- 
with  a  width  of  about  1^  miles,  to  section  24,  Hartland;  and  then 
three  miles  south  to  the  northeast  comer  of  Brookfield.  It  con- 
sists of  uneven  swells  and  hills,  30  to  40  feet  above  the  interven- 
ing hollows,  and  50  feet  above  Northwood,  which  is  situated  1^ 
miles  southeast,  on  a  plain  of  valley  drift  about  20  feet  above  the- 
Shell  Rock  river.  Next  this  belt  appears  to  be  broken  and  re- 
moved by  an  ollset  six  miles  to  the  west;  and  thence  its  course  is 
south  through'  the  east  part  of  Bristol,  and  through  sections  2,  11, 
14.  33.  27  and  33,  Fertile,  its  southeast  border,  being  about  ^  mile 
northwest  of  Rhode's  Mill,  in  section  34.  In  these  townships  the 
formation  is  in  knolls,  hillocks  and  short  ridges,  trending  to  the 
aoutb  or  southwest,  and  30  to  60  feet  high.  At  the  south  west  cor- 
ner of  this  county  these  morainic  hills  become  more  abundant  and 
abrupt,  and  form  a  very  rough  wooded  belt  two  or  three  miles 
wide,  for  a  distance  of  sis  miles  west  from  Rhode's  Mills  to  Pilot 
Mound.  This  tract  includes  parts  of  four  counties,  and  is  bounded 
on  the  ««vth  by  Lime  creek. 

In  Cerro  3ordo  county  the  eastern  morainic  series  is  represented 
by  a  rolling,  partly  wooded  tract,  south  of  Lime  creek  and  75  feet 
above  it,  exteiiding  about  two  miles  southeast  from  Rhodes'  Mill, 
and  then  turning  south.  Its  next  eight  miles  to  Clear  lake  are  a 
moderately  rolling  belt  from  one  to  two  miles  wide,  and  50  feet 
higher  than  the  smooth  expanse,  which  reaches  thence  eastward  as 
far  as  the  eye  can  see.  At  the  south  side  of  the  east  part  of  Clear 
lake,  this  moraine  occupies  a  width  of  about  one  mile,  and  is  crossed 
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by  the  road  to  Belmond;  it  here  consists  of  mauv  mounds  and  hil- 
locks, not  rising  above  the  gener&l  level  of  the  smooth  land  at  each 
side.  Its  farther  course  has  not  been  traced;  but  the  east  side  of 
the  southwest  township  of  this  county,  9  to  15  miles  south  of  Clear 
lake,  reported  to  hare  a  rolling  and  knolly  surface,  probably  be- 
longs to  this  morainic  series,  and  suggests  that  it  will  be  found  to 
extend  approximately  south  through  the  east  part  of  range  22  in 
southwestern  Cerro  Gordo  and  northwestern  Franklin  counties, 
joining  the  western  belt  of  this  moraine  at  the  s«utheast  comer  of 
Morgan,  10  miles  north  of  Alden. 

About  a  third  part  of  Winnebago  county  is  covered  by  these 
hilly  drift  deposits.  Their  principal  belt,  which  is  the  continua- 
tion of  the  range  seen  at  Albert  Lea  and  east  of  Bear  lake  in 
Freeborn  county,  enters  Iowa  at  the  northeast  corner  of  Winneba- 
go county  and  extends  south  with  a  width  of  from  two  to  four  miles, 
through  the  townships  of  range  2S,  between  Lime  creek  and  the 
east  line  of  the  county,  to  Pilot  Mound.  The  southeast  border  of 
this  belt  is  quite  definite  at  A  point  two  miles  north  and  again  at 
one  mile  west  of  Lake  Mills.  Here  and  southward  it  consists  of 
massive  hills  of  till  10  to  75  feet  high.  A  branch  of  tbis  moraine, 
consisting  of  rough  hills,  strown  with  many  boulders,  and  occupy- 
ing a  width  of  about  two  miles,  crosses  Lime  creek  a  few  mites 
south  of  the  State  line,  and  extends  northwest  into  Kiester,  the 
southeast  township  of  Faribault  county.  Northeast  from  this 
tract  is  a  plain  of  modified  drift,  reaching  five  miles  to  Bear  lake. 

The  medial  mdraine  which  extends  iiorthwest  from  Forest  City 
and  Lake  Edward  attains  its  greatest  height  in  the  north  part  of 
T.  98,  R.  25,  where  it  is  100  feet  above  the  general  level.  In 
northeastern  Kossuth  county  tbis  tract  expands  to  a  width  of  ten 
miles  and  reaches  from  Ramsey,  at  the  east  side  of  Union  Slough, 
north  and  northwest  to  the  State  line,  lying  on  both  sides  of  the 
head  stream  of  the  Blue  Earth  river.  Its  northeast  border  reaches 
IJ  mites  into  the  south  edge  of  Elmore  and  Pilot  Grove  in  south- 
western Faribantt  county,  forming  hillocks  and  short  east-to-west 
ridges  of  till,  30  to  50  feet  high.  Thence  these  accumulations  of 
till  occur  scatteringly  in  southeastern  Martin  county  to  East  Chain 
and  less  prominently  to  Fairmont.  Their  contour  in  these  town- 
ships is  seldom  rough,  but  rises  in  swells  25  to  50  feet  above  in- 
tervening depressions,  with  trends  more  frequently  from  north- 
west to  southeast  than  in  other  directions. 

In  Hancock  county  the  western  and  principal  belt  of  the  ter- 
minal moraine  extends  from  Pilot  Mound  six  miles  southwest  and 
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then  nearly  due  south  through  range  24.  Pilot  Mound  in  the 
north  part  of  section  three,  EUiagton,  rises  about  250  feet  above 
Lime  creek,  which  is  two  miles  farther  south.  A  multitude  of 
rough  drift  hills,  mounds  and  short  ridges,  50  to  100  feet  lower 
than  this,  reaches  six  miles  eastward  and  two  or  three  miles  to  the 
west  and  northwest.  All  these  accumulations  are  till,  trending 
more  frequently  from  east  to  west  than  otherwise,  of  all  heights 
from  25  to  100  feet  above  the  intervening  depressions,  which  are 
often  bowl-shaped  or  irregular  hollows,  containing  sloughs.  The 
top  of  Pilot  Mound  is  some  200  feet  above  the  average  of  the  coun- 
try to  the  north  and  south,  and  from  100  to  150  feet  above  the 
sloughs  in  its  vicinity.  The  hills  of  Kiester,  in  Minnesota,  22 
miles  distant,  are  visible  but  not  prominent,  bearing  N.  10°  W.* 
The  highest  hills  seen  is  Winnebago  county  are  those  in  the  north 
part  of  T.  98,  R.  25,  bearing  N.  65=  W.*  and  twelve  miles  distant. 
South  from  Pilot  Mound  the  morainic  contour  reaches  IJ  miles, 
iind  is  succeeded  by  a  plain  of  stratified  sand  and  gravel,  one-third 
mile  wide,  on  the  north  side  of  Lime  creek  and  15  to  25  feet  above 
it.  These  tracts  are  mainly  wooded,  but  south  of  this  creek  the 
surface  soon  rises  40  or  50  feet  to  a  broad  prairie  of  moderately  un- 
dulating till.  From  Forest  City  and  Silver  creek  the  terminal 
moraine  passes  south  in  a  rolling  and  knolly  tract  which  is  from 
two  to  three  miles  wide,  through  the  center  of  Madison;  six  miles 
wide  in  the  north  part  cf  Garfield,  reaching  from  the  east  fork  of 
the  Iowa  river  to  Eagle  lake;  and  about  three  miles  wide  through 
the  west  half  of  German  and  of  T.  94,  R.  24,  bordering  and  cross- 
ing the  wert  fork  of  the  Iowa  river,  and  including  the  Twin  lakes. 

The  hillocks  and  swells  of  this  tract  consbt  principally  of  till. 
They  are  from  30  to  60  feet  high,  and  average  about  40  feet  above 
the  comparatively  level  areas  on  the  east  and  west.  Their  {Ke- 
vailing  trend,  like  that  of  the  frequent  sloughs  of  this  region,  is 
approximately  from  north  to  south.  A  plain  of  modified  drift  is 
found  east  of  this  moraine,  reaching  live  miles  from  Concord  and 
Gamer  northeastward.  At  Garner  thiH  is  stratified  clayey  sand 
and  fine  gravel,  underlain  by  till,  which  forms  the  gently  undulat- 
ing surface  at  Concord  and  thence  south  through  Ell  and  Avery. 
In  this  drift  sheet  the  east  fork  of  the  Iowa  river  has  cut  a  chan- 
nel or  valley,  which  increases  in  size  till  at  the  south  line  of  the 
county  it  is  one-third  mile  wide  and  75  feet  below  the  general  level 
to  which  the  ascent  is  by  steep  blufts. 

A  conspicuously  rolling,  hilly  and  knolly  tract  branches  from  the 
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tonninal  moraine  in  the  north  edge  of  Hancock  county,  and  ex- 
tends ten  miles  westward  to  Lake  George,  beyond  which  the  con- 
tour on  all  aides  is  smooth  and  only  slightly  undulating.  Many  of 
the  hillocks  and  ridges  of  this  tract  trend  nearly  from  east  to  west. 
Their  material  is  till,  oft«n  containing  an  abundance  of  boulders. 
Their  height  along  the  north  side  of  Silver  creek,  in  sections  9, 10 
and  11,  Madison,  is  30  to  50  feet,  and  nearly  the  same  about  the 
lakelets  in  sections  four  and  five  of  this  township.  Lake  Edward, 
Crystal  Lake,  Lake  C^rge,  and  the  series  of  sloughs  and  lakelets 
which  reaches  three  miles  southeast  from  the.  last,  are  bordered  by 
very  rough,  morainic  blu&,  which  rise  steeply  50  to  75  feet  at  the 
north  side  of  these  lakes.  Their  top  is  the  edge  of  a  plateau  of 
till,  which  extends  four  to  eight  miles  north  with  a  nearly  level 
but  slightly  undulating  surface.  Prominent  hill  raiLges  of  equal 
height  occupy  a  width  of  two  miles  south  of  Lake  Crystal,  and  of 
one  mile  southwest  from  Buffalo  Grove  and  Lake  Qeorge.  Toward 
this  tract,  if  it  is  a  medial  moraine,  currents  of  the  ice  sheet  and 
descending  slopes  of  its  surface  converged  from  the  northwest 
and  southwest.  Rivers  produced  by  glacial  melting  would  accord- 
ingly flow  upon  the  surface  of  the  ice  to  this  lowest  portion  of  its 
border;  and  we  find  modified  drift  which  was  apparently  brought 
by  such  streams,  forming  plains  that  extend  several  miles  south- 
east from  Lake  Edward  and  cover  a  width  of  four  miles  half  way 
between  Clear  lake  and  Britt.  The  only  l:ames  observed  are  at  the 
southeast  sides  of  Crystal  lake  and  Lake  Edward,  and  consist  of  u 
few  mounds  and  ridges  ten  to  fifteen  feet  high,  composed  of  irregu- 
larly bedded  gravel  and  sand. 

Tn  Wright  and  Franklin  counties  the  terminal  moraine  extendi 
south  f<»ur  miles  to  Gertrude  or  Twin  Sisters  lakes,  four  miles 
west  of  Belmond  ;  thence  south,  southeast  eighteen  miles,  by  the 
east  sides  of  Cornelia  (or  Little  Wall)  and  Elm  lakes,  into  Vernon* 
the  southeast  township  of  Wright  county ;  and  next  east,  and 
southeast  nine  miles,  and  then  south  six  miles,  crossing  the  Iowa 
river  at  the  east  side  of  Wright  county,  and  lying  on  the  north 
and  east  boundaries  of  Oakland,  the  southwest  township  of  Frank- 
lin county.  Its  width  along  this  distance  isfrom  one  andone^half 
to  three  miles ;  the  material  is  till,  often  enclosing  and  strown 
with  many  boulders  of  granites,  schists  and  limestone  ;  in  height 
its  knolls,  ridgefi  and  hills  vary  from  ten  to  one  hundred  feet  above 
the  intervening  hollows ;  and  their  trends,  wherever  any  system 
is  notice»bte.  are  parallel  with  the  course  of  the  moraine.  The 
elevation  of  this  hilly  belt  above  the  smooth  expans:es  of  till  on 
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eaih  aide  is  mostly  from  forty  to  seventy-five  feet,  but  due  east 
from  Clarion,  it  does  not  rise  above  the  general  level.  This 
moraine  is  crossed  by  the  road  from  Belmond  to  Clarion,  and  is 
there  one  and  one-half  miles  wide,  and  consists  of  many  small  hills 
and  ridges  ten  to  forty  feet  above  its  enclosed  hollows  of  irregular 
form,  which  contain  frequent  lakelets  and  small  sloughs.  Its 
height  above  the  Iowa  river  gradually  rises  from  fifty  feet  at  its 
east  side  to  one  hundred  and  twenty-five  or  one  hundred  and  fifty 
feet  at  the  west ;  and  it  is  succeeded  by  gently  undulating  till, 
which  miuntains  about  the  sune  height  as  the  upper  portion  of 
the  moraine  and  extends  indefinitely  westward.  One  to  two  miles 
farther  north,  in  the  vicinity  of  Gertrude  lake,  these  morainic  hills 
riae  fifty  feet  higher  ;  and  thence  a  medial  branch  of  this  forma- 
tion reaches  three  miles  westward  in  the  north  part  of  sections  1, 
2  and  3,  Lake  (T.  92,  R.  S5),  culminating  in  the  "Big  Mound," 
which  appears  to  be  the  highest  land  in  Wright  county.  The 
mo»t  broken  portion  of  the  moraine  in  this  county  is  ten  miles 
southeast  of  Clarion,  in  sections  32  and  33,  Blaine,  and  4,  Vernon, 
cousisting  of  many  mounds  and  short  ridges,  twenty-live  to 
seventy-five  feet  above  the  intervening  hollows,  fifty  feet  above 
the  smooth  land  westward,  and  about  one  hundred  and  twenty-five 
feet  above  the  Iowa  river.  Southeastward  this  motaine  reaches  in 
low  knolls  to  the  east  half  of  section  26,  Vernon ;  but  its  most 
conspicuous  deposits  are  found  on  the  opposite  side  of  the  Iowa 
river,  in  southwestern  Franklin  county,  extending  east  and  then 
south  at  the  north  ani  east  sides  of  Oakland,  averaging  two  miles 
in  width,  about  half  of  which  ia  in  Morgan  and  Lee  townships, 
next  on  the  north  and  east.  This  belt  is  very  rough  with  many 
hillocks  and  short  ridges,  generally  trending  in  the  same  direction 
with  the  series,  composed  of  till  with  abundant  boulders,  and 
divided  by  depressions  which  often  contain  sloughs  or  lakelets.  Its 
height  ia  fifty  to  seventy-five  feet  above  the  smooth  areas  of  till  on 
each  side,  and  about  one  hundred  feet  above  the  Iowa  river.  The 
south  part  of  this  formation  in  Franklin  county,  lying  a  few  miles 
north  of  Alden,  is  commonly  called  the  "Blue  Mounds." 

Between  Alden  and  Story  City  the  course  of  the  moraine  coin- 
cides approximately  with  the  line  which  divides  Hardin  and 
Hamilton  counties,  but  scarcely  enters  the  latter,  excepting  for  a 
distance  of  eight  miles  at  its  southeast  corner.  In  northern  Hardin 
county  the  line  of  this  formation  is  again  crossed  by  the  Iowa 
river,  southwest  of  which  it  reappears  in  a  knolly  belt  of  gravelly 
till,  fifty  feet  above  the  general  level  both  to  the  ea.st  and  west. 
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This  liea  between  one-Iialf  mile  and  two  miles  wext  of  Alden,  and 
tbence  extends  twelve  miles  south,  southwest  and  south  along  the 
west  border  of  Hardin  county,  reaching  one-fourth  or  one-half 
mile  west  of  the  county  line  and  one  to  two  miles  from  it  eastward. 
Here  and  in  southeastern  Hamilton  county  it  is  moderately  undu- 
lating till,  often  containing  many  boulders.  It^s  create  are  twenty 
to  thirty  feet  above  the  depressions,  and  twenty-five  to  fifty  feet 
above  the  adjoining  country.  Six  to  eight  miles  north  of  the 
south  line  of  these  counties,  the  width  of  this  rolling  tract  is 
increased  to  three  miles,  lying  mostly  in  Hardin  county.  Thence 
its  course  is  deflected  southweatward  and  its  width  narrows  to  one 
'  mile  in  the  south  part  of  Scott,  the  southeast  township  of  Ham- 
ilton county.  lis  last  mounds  and  knolls  seen  east  of  Story  City 
are  in  sections  28  and  33,  Scott,  rising  forty  to  sirty  feet  above  the 
flat  iirea  of  till,  which  reaches  thence  one  and  one-half  miles  west 
and  southwest  and  indefinitely  toward  the  south  and  southeast, 
being  about  thirty-five  feet  above  the  Skunk  river  and  twenty  to 
twenty-five  feet  above  its  bottomland.  Beyond  the  valley  eroded 
by  this  river,  the  same  plain  of  till  extends  two  miles  to  the  south- 
west and  indefinitely  to  the  northwest  from  Story  City.  At  its 
southwestern  limit  a  prominently  rolling  and  hilly  tract  of  till 
rises  fifty  to  seventy-five  feet  higher  and  extends  thence  twenty- 
five  miles  west  through  the  northern  tier  of  townships  in  Boone 
county. 

The  Des  Moines  river  intersects  this  range  eight  to  ten  miles 
north  of  Boone  and  Ogden.  East  of  the  river  it  is  widely  known 
as  Mineral  Ridge;  and  a  kame-like  hill  1^  miles  west  of  the  Des- 
Moines,  and  two  miles  south  of  the  main  series  of  this  moraine, 
but  doubtless  accumulated  at  nearly  the  same  time,  is  called  Pilot 
Mound.  The  width  of  this  belt  averages  about  three  miles.  It 
extends  westward  through  the  center  and  northwest  quarter  of 
Harrison,  the  northeast  township  of  Boone  county,  where  its 
height  is  125  to  150  feet  above  Squaw  creek:  but  this  elevation  is 
due.  at  least  in  some  portions,  to  underlying  bed-rock,  which  was 
encountered  at  a  depth  of  35  feet,  by  wells  upon  this  range  in  Sec. 
16,  Harrison.  Its  material  here  and  westward  is  till,  in  which 
bonldere  often  abound,  being  of -all  sizes  to  5  and  rarely  10  feet  in  di- 
ameter. This  belt  occupies  the  north  part  of  Dodge,  the  township  to 
the  west,  in  which  its  height  contains  nearly  the  same,  being  about 
.'>0  feet  above  the  smooth  areas  of  till  that  stretch  as  for  as  the 
view  reaches  to  the  north  and  south,  and  about  250  feet  above  the 
Dtfs'JiIoines  river,  which  has  here  cut  a  valley  200  feet  Heep.     The 
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largest  hills  and  ridges  of  this  district  are  in  Sec.  6,  Harrison,  and 
Sec.  1,  Dodge,  where  they  trend  nearly  from  east  to  west,  and  rise 
75  or  100  feet  above  adjoining  depressions;  but  because  of  their 
comparatively  low  position  they  do  not  overtop  other  portions 
which  have  a  less  broken  surface.  The  contour  of  the  moraine  at 
the  vill^e  of  Ridgeport  or  Mineral  Ridge,  three  miles  east  of  the 
Des  Moines  river,  and  for  the  next  six  miles  east,  as  also  along  the 
north  edge  of  the  county  for  six  miles  west  of  the  Des  Moines 
river,  has  been  well  described  by  Dr.  C.  A.  White,  who  writes; 
"It  consists,  to  a  considerable  extent,  of  a  collection  of  slightly 
raised  ridges  and  knolls,  sometimes  interspereed  with  small  shallow- 
ponds;  the  whole  having  an  elevation  probably  nowhere  exceeding 
fifty  feet  above  the  general  surface,  but  being  in  an  open  prairie, 
it  attracts  attention  at  considerable  distance.*" 

Pilot  Mound  gives  its  name  to  the  township  in  which  it  is  situ- 
ated. This  is  nearly  a  round  hill  about  76  feet  above  the  smooth 
expanse  of  till  which  reaches  north  two  miles  to  the  moraine,  east 
one  mile  to  the  bluSs  of  the  Des  Moines  valley,  and  southward 
beyond  the  horizon.  Its  base  covers  a  diameter  of  ^  mile,  and  it 
rises  by  steep  slopes  to  a  rounded  top  which  has  its  highest  point 
in  the  southwest  comer  of  Sec.  21,  about  three  rods  east  of  its 
west  line.  This  mound  la  wholly  composed  of  gravel  and  sand, 
obliquely  stratified,  with  no  till  or  boulders.  Clear  sand,  in  beds 
3  or  4  feet  thick,  occurs  at  the  top  of  the  mound;  but  it  is  mainly 
coarse  gravel  with  pebbles  up  to  six  inches  in  diameter.  About 
half  of  the  pebbles  under  two  inches  are  limestone,  but  those  of 
latter  sizes  are  mostly  granites  and  schists.  Potsdam  quartzite  is 
rare ;  it  may  be  that  one  pebble  in  five  hundred  is  from  this  forma- 
tion. West  and  southwest  from  Pilot  Mound,  a  moderately  roll- 
ing surface  50  to  75  feet  lower,  composed  principally  of  till,  extends 
two  or  three  miles,  terminating  in  Sec.  30,  which  has  mounds  20 
to  30  feet  high. 

A  belt  of  knolly  till,  similar  t<>  Mineral  Ridge,  extends  west 
from  section  nine  Pilot  Mound,  into  the  northeast  comer  of  (Jrant, 
the  northwest  township  of  Boone  county,  beyond  which  its  farther 
course  has  not  been  explored:  but  it  is  supposed  to  turn  north- 
northwest,  lying  within  five  miles  west  of  the  Des  Moines  river, 
and  to  be  continuous  to  a  typically  niorainie  tract  which  was  found 
twenty  miles  farther  north,  between  2  and  3J  miles  west  of  Fort 
Dodge.  This  tract  has  many  rough  hillocks  of  till,  fifteen  to  thir- 
ty  feet  high,   with  abundant  metamorphic  and  some  limestone 

'Qfolvoti  of  loiro,  ISIO.  vol.  l.  pp.  M  anil  99. 
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boulders,  bat  few  or  none  o(  potadam  quartzite.  It  may  be  tliat 
similar  accumolatioiis  are  traceable  onward  in  the  same  coorw  30 
milee  to  the  branch  which  extends  from  the  terminal  moraine  at 
the  west  side  of  Palo  Alto  county  east  and  southeast  to  the  edge 
of  Pocahontas  county  at  the  south  line  of  T.  &i,  R.  32.  In  that 
case  it  would  ^pear  that  the  series  of  drift-hills  explored  in  north- 
ern Boone  county,  and  their  tract  west  of  Fort  Dodge,  are  por- 
tions of  a  terminal  moraine  reaching  from  northweetem  Story 
county  to  western  Palo  Alto  connty.  They  muat  then  be  contem- 
poraneous with  the  inner  belt  of  this  looped  moraine,  which  ex- 
tendS'^^fO^li^easteru  Waseca  county  and  by  Albert  Lea  on  the 
eas^^ide  oi  Spirit  lake.  Heron  lake  and  Lake  Shetek  to  Oary  on 
the  west. 

The  outer  belt  of  the  terminal  moraine  at  the  west  side  of  its 
loop  ia  found  35  miles  southwest  from  Mineral  Ridge,  in  northern 
Quthrie  connty,  where  its  course  ia  from  southeast  to  northwest 
and  it  has  been  traced  continaously  thence  to  the  north  line  of 
Iowa  and  across  southwestern  Minnesota  into  Dakota.  From  the 
vicinity  of  Pilot  Mound  the  next  thirty  miles  to  the  sooth  and 
southwest  are  smooth  and  only  gently  undulating  till,  with  few 
boulders.  This  tract  interrening  between  Mineral  Ridge  and  the 
terminal  moraine  in  Outhrie  county  snows  that  these  cannot  be 
portions  of  one  continuous  belt;  and  if  they  were  formed  at 
the  same  time.  Mineral  Ridge  must  be  a  medial  moraine  like  those 
which  extend  from  Eiester  northwest  across  Faribault  county,  and 
from  Forest  City  to  Fairmont  and  Lake  Geoi^e. 

The  exploration  of  these  belts  of  hilly  and  knolly  drift,  reaching 
from  the  south  line  of  Minnesota  to  the  center  of  Iowa,  leaves  no 
doubt  to  the  writer  that  they  are  opposite  portions  of  a  continuous 
terminal  moraine  which  has  its  conrse  in  a  curve  like  the  letter 
U.  Professor  Ghamberlin  has  shown  that  this  moraine  crosses 
Wisconsin  in  a  series  of  loops  of  this  kind;  and  the  large  driftless 
area  in  southwestern  Wisconun  and  portions  of  the  adjoining 
states,  surrounded  on  all  sides  by  glacial  deposits,  proves  that  at 
the  time  when  the  ice-eheet  reached  farthest,  its  southern  por- 
tion was  similarly  divided  into  vast  lobes,  which,  through  a  part  of 
this  epoch,  became  confluent  at  the  south  aide  of  the  driftless  area. 
The  lines  of  moraine  here  described  in  Minnesota  and  Iowa  are 
about  midway  between  this  region,  which  has  escaped  glacial  action 
on  the  east,  and  the  limits  of  glacial  drift  on  the  west  which  ex- 
tends southward  and  south-eoutheastward  from  about  40  miles  west 
oi  Bismarck  through  Dakota  and  across  Nebraska  into  northeastern 
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Kansaa.  These  lines  of  hilly  drift  are  thus  more  parallel  with  the 
boundaries  of  glacial  action  at  its  time  of  greatest  extent,  and  are 
supposed  to  mark  the  similar  limit  attained  by  the  ice-aheet  of  the 
last  glacial  epoch.  A  very  significant  feature  is  the  Ereqnent 
occurence  of  lakes  dpon  the  area  enclosed  by  this  looped  moraine; 
while  in  the  regions  beyond  it  to  the  southeast  and  southwest, 
though  they  also  are  in  large  part  till,  lakes  n*ui-ri.>gi  are  rare  or 
eiitirely  absent.  The  connection  between  the  moraine  that  reaches 
from  the  south  line  of  Minnesota  in  Freeborn  county  to  the  north- 
west part  of  Story  county  and  Mineral  Ridge,  and  that  which  is 
next  to  be  described,  is  believed  to  extend  sonthwestward  through 
Story  and  Polk  counties,  probably  crossing  the  Des  Moines  river 
within  a  few  miles  southeast  of  Des  Moines;  then  westward  along 
the  south  side  of  Raccoon  river,  through  the  north  edge  of  Madi- 
son county;  and  northwestward  along  the  east  side  of  Middle 
Raccoon  river,  through  southweeteru  Dallas  county  and  northeast- 
em  Guthrie  county. 

This  western  line  of  the  terminal  moraine  was  encountered  in 
the  south  part  of  T.  81,  R.  31,  in  northern  Guthrie  county,  after 
traveling  thirty-five  miles  southwest  from  Mineral  Ridge  and  Pilot 
Mound.  Its  course  thence  is  to  the  northwest  and  north  through 
Carroll,  Sac,  Buena  Vista,  Clay  and  Palo  Alto,  Emmett,  Dickinson 
and  Osceola  counties,  into' Minnesota,  reaching  in  Iowa  120  miles 
to  the  north  and  60  miles  to  the  west.  The  width  of  this  belt 
along  the  greater  part  of  this  distance  is  from  two  to  four  miles; 
but  in  Clay,  Palo  Alto  and  Dickinson  counties  it  is  from  eight  to 
twelve  miles.  Its  contour  is  nearly  as  in  other  portions  of  this 
formation,  presenting  many  hillocks  and  short  ridges  which  vary 
in  height  from  20  to  50  feet  above  the  intervening  hollows,  and 
usually  rise  30  to  50  feet  and  rarely  75  or  100  feet  above  the  adjoin- 
ing country.  Eastward  a  smooth  and  nearly  level  expanse  of  till 
with  few  boulders  stretches  50  to  75  miles  to  the  eastern  line  of 
this  moraine.  Westward  the  land  next  to  this  belt  from  Storm 
lake  to  the  Minnesota  line,  is  nearly  the  same  aa  on  the  east;  hut 
south  of  Storm  lake  the  till  on  the  west  is  buried  beneath  the 
loess,  which  in  somes  portions  has  a  smooth  and  gently  undulat- 
ing surface,  but  generally  it  has  been  sculptured  by  r^ns,  rills, 
creeks  and  rivers,  to  a  prominently  rolling  contour,  rising  to  crests, 
ridges  and  plateaus,  100  to  160  feet  or  more  above  the  streams. 
Near  the  moraine  this  erosion  has  cut  through  the  loess,  and  from 
50  to  75  feet  into  the  underlying  till.  The  surface  of  the  loess 
throughout  this  distance  of  75  miles,  averages  as  high  as  the  tops 
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of  the  moraiaic  hills  which  lie  next  to  it  oa  the  east,  and  at  their 
lower  portions,  surpasses  them  by  26  or  50  feet,  while  its  elevation 
above  the  expanse  of  till  eastward  is  {rom  50  to  75  feet.  The 
material  of  the  moraine  is  chiefly  till,  with  boulders  everywhere 
frequent,  and  occasionally  very  abundant,  probably  averaging  ten  or 
twenty  times  more  numerous  than  on  the  smooth  areas  of  till. 
These  are  granites,  schists  and  limestone,  as  in  the  eastern  line  of 
this  formation,  with  the  addition  of  a  considerable  proportion 
from  the  red  Potsdam  quartzite  which  has  extensive  exposures  in 
southwestern  Minnesota  from  New  Ulm  to  P'pesfcone  City  and 
Luverne.  In  this  moraine  on  the  east  from  Albert  Lea  south  to 
Mineral  Ridge,  these  quartzyte  fragments  are  very  rare;  but  along 
ite  entire  coast  on  the  west,  from  Guthne  county  into  southwest- 
ern Minnesota,  they  are  common,  and  make  up  from  one-twentieth 
to  one-third  part  of  all  its  boulders.  The  only  exposures  of  bed- 
rock seen  in  the  regions  traversed  by  this  moraine,  are  in  Qntbrie 
county,  where  the  Nishnabotany  sandstone  of  Cretaceous  age  out- 
crops along  the  Middle  Raccoon  river,  at  Rock  Bluff  mills,  situated 
in  the  N.  E.  i  of  Sec.  27,  Highland  (T.  81,  R.  32),  and  at  other 
points.  The  hills  of  the  abjoining  moraine,  covered  at  the  surface 
by  knoUy  till  with  many  boulders,  are  found  by  wells  to  consist  iu 
some  cases  for  their  lower  portion  of  this  sandstone,  showing 
that  the  contour  here  partly  conforms  with  the  unequally  eroded 
surface  of  rock  beneath  the  drift. 

In  northern  Guthrie  county  the  morainic  belt  covers  a  width  of 
about  two  miles  next  northeast  from  the  Middle  Raccoon  river, 
reaching  to  Swan  lake  in  the  southeast  quarter  T.  81,  R.  31.  Its 
elevations  mostly  trending  north-westward,  are  from  30  to  75  feet 
above  the  hollows.  Boulders  abound  and  include  many  of  Pots- 
dam quartzyte,  which  occurs  in  fragments  of  all  sizes  up  to  five 
feet  in  diameter.  They  are  most  plentiful  where  the  surface  is 
most  broken,  as  in  section  IS,  of  Highland,  and  sections  13  and 
12,  of  Grange,  the  northwest  township  of  this  county.  The 
hills,  knolls,  and  ridges  of  these  sections  appear  to  be  composed 
wholly  of  till.  In  a  welt  near  top  of  one  of  them,this  was  yellow- 
ish to  a  depth  of  25  feet,  then  dark  bluish  and  harder  for  22  feet 
below,  to  water  which  arose  16  feet. 

In  Carroll  county  this  belt,  from  1%  to  three  or  four  miles  wide, 
continues  northwestward  by  Coon  Rapids,  CarroUton,  Carroll  and 
Maple  Junction  to  Breda.  From  the  southeast  corner  of  the  coun- 
ty to  Gnstine  Grove,  two  miles  beyond  Carrollton,  it  consists  of 
swelling  bills  of  till,  not  so  rough  as  to  be  typically  morainic, which 
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occupy  a  width  of  IJ  to  three  miles  aloaft  the  northeast  side  of 
Middle  Raccoon  river,  rising  from  lOO  to  150  feet  above  it,  and 
averaging  70  feet  or  more  above  the  smooth  sheet  of  tilt  on  the 
east.  Between  one  and  two  miles  northwest  from  Carrollton  some 
of  these  hills,  100  feet  above  the  river,  consist  of  loess  at  the  sur- 
Sace,  free  from  pebbles  to  a  depth  of  ten  or  12  twelve  feet.  This 
hiis  the  same  yellowish  color  as  the  upper  part  of  the  till.  Other 
hills  near  have  many  rock  fragments,  both  lai^  and  small,  being 
common  till,  but  morainic  in  the  abundance  of  boulders.  From 
Oustine  Grove  to  Carroll  the  moraine  holds  its  straight  course 
northwestward,  lying  on  the  southwest  side  of  the  river,  which 
here  flows  east  and  then  south.  Its  height  is  from  100  to  135  feet 
above  the  river.  A  part  of  its  mounds  and  hillocks  through  this 
distance  are  covered  by  loess,  but  mostly  their  surface  is  till  with 
numerous  boulders  and  pebbles.  A  lakelet  two  miles  south-east  of 
Carroll,  and  frequent  sloughs,  lie  in  the  depressions  of  this  forma- 
tion. Beyond  Carroll  the  Middle  Raccoon  river  is  again  its  south- 
west boundary,  from  which  it  reaches  to  Mount  Carmel.  It  here 
consists  of  moderately  rolling  till,  with  crests  30  to  50  feet  above 
its  hollows;  and  this  character  continues  to  the  north  line  of  the 
county  where  its  course  is  through  the  northea&t  part  of  Wheat- 
land, its  northwest  township,  with  a'width  that  reaches  about  a  half 
mile  east  and  two  miles  west  of  Breda. 

Across  Sac  county  and  to  the  center  of  Bnena  Vista  county,  a 
distance  of  thirty-six  miles,  the  course  of  the  moraine  is  a  few  de- 
grees west  of  north,  and  its  width  is  from  two  to  four  miles.  In 
Sac  county  this  extends  from  the  southeast  quarter  of  T.  86,  R. 
36,  to  the'northwest  quarter  of  T.  89,  R.  36.  Wall  lake  lies  with- 
in the  limits  of  this  belt,  and  its  west  border  is  close  east  of  the 
railroad  town  of  Wall  lake.  Farther  to  the  north,  Indian  creek 
and  lake  are  at  the  west  side  of  this  belt,  which  through  Sac  coun- 
ty consists  of  moderately  rolling  and  often  knolly  till,  containing 
frequent  boulders  and  pebbles.  Its  crests  are  20  to  30  feet  above  the 
adjoing  hollows,  sloughs  and  lakes.  Next  to  the  west  the  loess  rises 
forty  to  fifty  feet  higher  than  the  moraine,  formins  .n'^irly  level- 
topped  plateaus  and  ridges,  as  in  the  southwest  qiKul^r^  of  T.  86, 
R.  36,  and  at  the  west  side  of  the  Boyer  River  west  of  ^V'all  lake, 
or  smooth  swells  which  rise  in  long  slopes  thirty  to  lit'ty  feet  above 
the  intervening  depressions,  sometimes  having  considerable  gravel 
and  boulders  up  ta  one  foot  in  diameter  at  their  top,  apparently 
due  to  exposure  of  the  underlying  till,  as  in  the  six  miles  north 
from  the  town  of  Wall  lake,  and  in  Ts.  88  and  89,  of  R.  37.     The 
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lowest  point  of  the  watershed  between  the  Mississippi  and  Missouri 
rivers  in  the  northern  two-thirds  of  Iowa,  appears  to  be  the  slough 
which  reaches  from  Wall  lake,  fotir  miles  southwest  to  Boyer 
river. 

In  Bueita  Vista  county  this  belt  of  rolling  and  knolly  till,  from 
two  to  three  or  four  miles  wide,  continues  north-north-westerly  by 
the  east  end  of  Storm  lake  and  to  the  south  part  of  Scott.  T  miles 
north  of  this  lake;  theace  it  bends  to  the  north  and  northeast,  sad 
passes  by  Grass  Lake  and  Green  Mound,  to  Pickerel  Lake  at  the 
northeast  corner  of  the  county.  From  the  northeast  part  of  this 
belt  a  branch  extends  six  miles  south  through  the  range  of  sections 
from  2  to  35  in  Lincoln  (T.  92,  R.  36.)  Both  in  this  branch  and 
in  its  main  series,  the  hillocks,  mounds  and  short  ridges  of  this  for^ 
mation  usually  rise  only  from  10  to  30  feet  above  its  depressions. 
Hock  fragments  of  all  sizes  up  to  two  or  three  feet  in  diameter 
abound,  but  larger  boulders  are  infrequent.  The  west  border  of 
this  belt  is  a  half  mile  east  from  the  town  of  Storm  Lake.  Its 
knolly  surface  is  well  seen  at  two  miles  east,  two  to  three  miles 
north,  and  five  miles  north  of  this  town.  Green  Mound,  situat-ed 
in  Sec.  19,  Poland,  five  miles  southwest  from  Pickerel  Lake,  is  one 
of  its  most  conspicuous  hills  in  this  county,  though  only  about  50 
feet  high.  Scarcely  anywhere  in  Iowa  does  this  moraine  attain 
such  height  that  it  deserves  to  be  designated  on  an  ordinary  map; 
but  in  a  study  of  the  glacial  drift,  its  rough  surface  and  its  abond- 
lUit  rock  fragments  very  clearly  distinguish  this  formation,  in  its 
two  nearly  parallel  north  to  south  belts,  from  the  smooth  sheet  of 
till,  holding  few  stones  and  boulders,  which  covers  the  intervening 
area.  In  crossing  this  expanse  80  miles  wide,  from  eastern  Buena 
Vista  county  east  to  northwestern  Hardin  county,  drift  and  con- 
tour like  those  that  characterize  this  moraine,  were  seen  at  only 
one  place,  2  to  3^  miles  west  of  Fort  Dodge,  as  already  described. 

Northward  the  moraine  is  8  to  12  miles  wide,  occupying  the 
greater  part  of  the  east  range  of  townships  in  Clay  county  and  the 
west  range  in  Palo  Alto  county.  Its  material  is  till  with  many 
boulders.  Much  of  Swan  Lake,  the  northwest  township  of  Poca- 
hontas county,  and  of  Rush  Lake  and  Silver  Lake  in  southwestern 
Palo  Alto  county,  have  the  rolling  or  knolly  surface  of  this  forma- 
tion, with  crests  20  to  40  feet  high;  but  its  most  broken  coutoor 
and  most  prominent  hills,  50  to  T6  or  100  feet  in  height,  are  found 
northwest  of  Pleasant  and  Mud  takes  in  the  southeast  township  of 
Clay  county.  About  Elk  and  Elbow  lakes  and  Kuthven,  its 
mounds,  ridges  and  hillocks  are  30  to  60  feet  above  the  depressions 
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!ind  lakes.  Farther  to  the  north  the  moraine  is  divided  into  two 
belts,  one  of  which  passes  by  the  east  side  of  Lost  Island  and  Palo  Al- 
to lakes  into  Emmett  county,  while  the  other  lies  south  and  west  of 
Lost  [sland  and  Trumbull  lakes  and  extends  north  into  Dickinson 
county.  Between  these  belts;  in  their  course  for  25  miles  to  Spirit 
Lake,  is  a  tract  of  smooth,  moderately  undulating  till  from  four  to  six 
miles  wide.  The  eastern  series  of  drift  hills  here  and  in  their  continu- 
iktion  across  southwestern  Minnesota,  corresponds  to  the  series  at  the 
east  side  of  this  morainic  loop,  as  at  Albert  Lea.  These  are  an  in- 
ner terminal  moraine  which  was  evidently  accumulated  at  come 
time  later  than  the  outer  moraine,  but  both  appear  to  have  been 
formed  by  the  ice-sheet  of  our  last  glacial  epoch.  It  hns  been 
shown  on  a  preceding  page  that  Mineral  Ridge  is  probably  a  por- 
tion of  the  inner  belt  of  this  formatiou,  and  that  it  may  be  tracea- 
ble across  Webster  and  Pocahontas  counties  to  a  branch  which  ex- 
tends southeastward  from  the  outer  moraine  in  Pnlo  Alto  county. 
This  branch  first  takes  an  easterly  course  from  the  vicinity  of 
Silver  Lake  through  the  south  part  of  Great  Oak  township  to  the 
Des  Moines  river,  7  miles  southeast  of  Enimettsburg.  Thence  it 
turns  southerly,  occupying  nearly  the  entire  northwest  quarter  of 
Ellington  (T.  94,  R.  32),  and  continues  in  a  narrow  line  of  knolls 
from  the  center  of  this  township  to  its  south  line.  It  consists  of 
till  with  many  small  and  large  boulders,  and  its  surface  rises  in 
knolls  and  short  ridges  20  to 30  feet  above  the  general  level,  and  50 
to  75  feet  above  the  Des  Moiuea  river.  The  morainic  hills  in  the 
western  townships  of  Palo  Alto  county,  most  typical  in  Highland 
and  in  the  west  part  of  sec.  1.  at  the  northeast  comer  of  Silver 
Lake,  are  125  to  150  feet  above  this  river,  and  from  40  to  60  feet 
above  Rush,  Silver,  Elbow,  Lost  Island  and  Palo  Alto  Lukes. 

The  inner  morainic  series  lies  at  the  west  side  of  the  Des  Moines 
river  in  Emmett  county,  extending  north  through  Twelve  Mile 
Lake,  Ester ville,  and  Emmett,  to  west  range  of  townships.  It  is 
very  finely  exhibited  for  three  miles  to  the  south  and  east  from 
Twelve  Mile  Lake,  its  highest  portions  being  about  forty  feet  above 
this  lake  or  one  hundred  and  fifty  above  the  river.  Here  and 
onward  through  this  county  and  in  northeastern  Dickinson  county, 
it  eonsiata  of  typically  rough,  knolly  till,  with  the  usual  abundance 
of  boulders,  one-third  to  two-thirds  of  which  are  the  red  Potsdam 
quartzyte.  The  width  of  this  belt  in  Emmett  county  is  from  two 
to  three  miles,  and  its  height  is  from  one  hundred  and  twenty-five  . 
to  one   hundred   and   seventy-five   feet   above   the   Des  Moines. 
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Twelve  Mile  and  Cheever  lakea  lie  at  its  west  boundary,  bejond 
which- the  west  edge  of  Twelve  Mile  lake  and  Estherville  and  the 
next  four  or  five  miles  into  Dickinson  county  are  slightly  undu- 
lating till,  which  mostly  lies  twenty-five  to  fifty  feet  lower  than 
this  moraine,  but  rises  northward  to  a  height  of  twenty-five  feet 
above  it  at  a  half  mile  south  of  Swan  lake.  East  of  the  Des 
Moines  river  its  bluils  in  Emmett  county  are  from  seventy-five  to 
ninety  feet  high,  and  from  their  top  a  gently  undulating  sheet  of 
till,  maintaining  nearly  the  same  elevation,  stretches  eastward  into 
Kossuth  county  and  beyond  the  East  Fork  of  the  Des  Moines. 
In  the  northern,  two-thirds  of  Superior,  the  northeast  township  of 
Dickinson  county,  this  aeries  of  rough  drift  hills  turns  westward 
and  extends  with  a  width  of  about  three  miles  by  Swan  lake  to 
Spirit  lake.  Their  height  is  twenty-five  to  fifty  feet  above  the 
numerous  enclosed  sloughs  and  lakelets,  being  in  the  east  half  of 
the  township  from  one  hundred  and  fifty  to  one  hundred  and 
seventy-five  feet  above  the  Des  Moines  river  and  fifty  feet  above 
Swan  lake,  but  rising  in  its  west  part  fully  fifty  feet  higher  to  a 
watershed  about  seventy-five  feet  above  Spirit  lake. 

In  Dickinson  county  the  outer  belt  of  this  moraine  covers  about 
Lalf  its  area,  including  the  west  edge  of  Lloyd  and  Richland  (Ts. 
98  and  99,  of  R.  35),  the  northeast  part  of  Milf  ord  {T.  98,  R.  36),  and 
nearly  all  of  Center  Grove,  Lakeville  and  Excelsior,  and  of  Spirit 
lake,  Diamond  lake  and  Silver  lake  (Ts.  99  and  100,  of  Rs.  36,  37 
and  38).  Its  material  throughout  this  county  is  the  usual  till  with 
many  houldere,  of  which  from  one-sixth  to  one-third  are  Potsdam 
quartzyte.  Its  surface  is  diversified  by  frequent  hillocks  and 
knolls,  whose  crests  are  from  twenty  ici  forty  feet  above  the  inter- 
vening hollows,  sloughs  and  lakelets.  This  county  has  the  most 
notable  group  of  lakes  in  Iowa,  distinguished  equally  for  their 
beautiful  sceiierj'  and  for  their  abundance  of  fish  and  game.  They 
are  Spirit  lake,  four  miles  in  diameter  and  the  largest  in  the  State, 
lying  just  south  of  the  l^tate  line  at  the  northeast  side  of  this 
morainic  belt,  and  the  West  and  East  Okoboji  lakes,  each  about 
six  miles  long,  lying  inside  its  limits,  with  more  than  a  dozen 
small  IdkoH  neir  them,  varying  from  one-fourth  to  one  mile  in 
diameter.  The  maximum  depth  of  Spirit  lake  is  reported  to  be 
about  50  feet ;  of  West  Okoboji,  in  its  north  half,  55  feet,  and  in 
its  south  half,  more  than  100  feet ;  and  of  East  Okoboji,  15  feet 
toward  the  north  and  25  feet  toward  the  south.  The  Okoboji  lakes 
have  the  same  level,  and  are  from  two  and  one-half  to  four  feet 
below  Spirit  lake,  according  to  their  varying  stages  of  water. 
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Their  lieigbt  above  the  Des  Moines  river  at  the  State  line  is  esti- 
mated to  be  about  150  feet.  Nicollet's  barometric  observations 
made  Spirit  lake  1310  feet  above  the  sea  ;  but  this  appears  to  be 
76  or  perhaps  100  feet  less  than  the  truth.  East  of  Spirit  and 
East  Okoboji  lakes  these  tracts  of  hilly  and  knolly  drift  rise  75  to 
100  feet  above  them  ;  the  highest  elevations  between  the  Okoboji 
lakes  are  50  to  75  feet ;  and  the  typically  rough,  morainic  hills 
west  of  West  Okoboji  and  Spirit  lakes  are  from  75  to  125  feet 
iigh.  The  northwest  part  of  thi?  county  has  frequent  swells, 
knolls,  and  short  ridges,  which  rise  10  to  40  feet  above  the  de- 
pressions, but  none  of  tbem  much  exceeds  the  average  height  of 
ithe  whole  region,  which  gradually  rises  westward,  and  attains  in 
northeastern  Osceola  county,  12  to  25  miles  distant,  an  altitude 
from  75  to  150  feet  above  the  highest  hills  near  ISpirit  and  West 
Okoboji  lakes. 

in  Osceola  county  the  south-west  boundary  of  the  morainic  belt 
runs  from  Sec.  25,  T.  99,  R.  89  west,  north-west  to  Ocheyedan 
mound,  and  thence  north-westward  coincides  nearly  with  the 
course  of  Ocheyedan  creek.  Its  width  extends  from  this  limit 
north-east  into  the  edge  of  Minnesota  ;  but  it  encloses  a  tract  of 
nearly  level,  gently  undulating  till.  4  miles  wide  and  5  miles  long, 
reaching  from  Ruab  lake  eant  to  the  county  line.  The  contour 
and  material  of  the  moraine  continue  the  same  as  in  north-western 
Dickinson  county.  The  highest  portion  of  this  formation  in  Iowa, 
and  probably  at  the  same  time  the  most  elevated  ground  within 
the  limits  of  the  State,  is  either  the  top  of  Ocheyedan  mound,  or 
the  smaller  swells  and  hillocks  next  to  the  State  line,  9  miles 
further  north-west,  which  are  about  1,675  feet  above  sea,  the  rail- 
road station  of  Bigelow,  near  by  in  Minnesota,  being  1,631.  Och- 
eyedan mound  situated  in  the  S.  W.  Jof  Sec.  12,  T.  99,  R.  40,  is  a 
steep  ridge  of  unequal  height  and  irregular  forni,  about  500  feet 
long,  tending  S,  60°  E.,  composed  of  very  pebbly  gravel,  or  per- 
haps till,  with  a  few  boulders,  1  to  3^  feet  in  diameter,  scattered 
upon  its  ^sides  and  top.  It  rises  50  or  60  feet  above  the  average 
of  its  region,  and  nhnut  125  feet  above  Ocheyedan  creek.  Though 
90  small  it  is  the  nui-i  conspicuous  elevation  of  Osceola  county.  It 
is  estimated  to  be  1 ,650  feet  above  sea,  but  upon  exact  determina- 
tion it  may  be  found  to  exceed  this  and  be  the  highest  land  in 
Iowa,  a  distinction  which  has  been  erroneously  assigned,  with  an 
exaggerated  height,  to  the  hills  near  Spirit  Jake.  Southern  and 
western  Osceola,  south-western  Dickinson,  much  of  O'Brien, 
-western  Clay,  and  north-western  Buena  Vista  counties,  lying  next 


byGoO'^lc 


311  AHHUAL  KBPOHT. 

bejond  this  moraine,  are  overspread  with  a  smooth,  slightly  undu- 
lating sheet  of  till,  at  least  from  100  to  200  fe«t  in  depth,  as 
shown  by  the  deep  valley  or  channel  of  the  Little  Sioux  river,  and 
by  wells  which  nowhere  penetrate  to  the  underlying  rock.  Farth- 
er sooth-west  this  deposit  is  concealed  beneath  the  loess,  which 
extends  from  the  Missouri  liver  €0  miles  east  to  Storm  lake  and 
75  miles  north  to  Luveme. 


THE  COTBAU  DBS  PRAIRIS. 

A  large  area  in  southwestern  Minnesota  and  eastern  Dakota  has 
an  elevation  from  500  to  1000  feet  above  the  Minnesota  river,  and 
from  1300  to  2000  feet  above  the  sea.  Upon  this  highland  district 
ore  the  sources  of  Lac  <{ui  Parle,  Yellow  Medicine,  Redwood  and 
Cottonwood  rivers,  tributary  to  the  Minnesota  river;  of  the  Des 
Moines  river,  and  of  the  Little  Sioux  and  Big  Siom  rivers,  tribu- 
tary to  the  Missouri.  The  outer  belt  of  the  terminal  moraine 
forms  the  highest  portion  of  this  area,  and  extends  in  Minnesota 
from  southeastern  Nobles  county  in  a  nearly  north-northwest 
course,  passing  west  of  Worthington,  through  southwestern  Mur- 
ray county,  the  northeastern  township  of  Pipestone  county,  and 
southwestern  Lincoln  county,  by  the  west  ends  of  lakes  Benton, 
Shaokatan  and  Hendricks,  into  Dakota,  where  it  continues  in  the 
same  course  through  Deuel  and  Grant  counties  and  the  Sisseton 
and  W'arpeton  Indian  reservations.  It  thus  reaches  past  the  sour- 
ces of  the  Big  Sioux  river,  and  farther  northward  becomes  the 
divide  between  the  head  streams  of  the  Minnesota  river  on  the 
east  and  the  James  river  on  the  west.  This  elevated  tract,  ex- 
tending 200  miles,  was  called  by  the  earliest  French  explorers  the 
Coteau  des  Prairies,  meaning  the  highlands  of  the  praines.  This 
aame,  according  to  Nicollet,  alludes  to  its  conspicuous  appearancCt 
"looming  as  it  were  a  distant  shore,"  when  viewed  from  the  val- 
leys of  the  Minnesota  and  James  rivers,^  is  very  noticeable  from 
the  vicinity  of  lakes  Traverse  and  Big  Stone,  and  from  the  highest 
points  ne^  the  Minnesota  river  for  perhaps  20  miles  below  Big 
Stone  lake.  Farther  southeast  this  title  was  generally  applied  to 
the  first  prominent  ascent  above  the  broad,  gently  undulating  ex- 
panse that  reaches  everywhere  20  or  30  miles  from  the  Minnesota 
river.  Before  coming  to  this  in  going  southwest,  there  is  gener- 
ally a  very  gradual  slope,  rising  100  or  perhaps  150  feet  in  tbe  last 
tea  miles;  then  comes  the  steeper  acsent  which  amounts  to  200  or 
300  feet  within  a  width  of  two  or  three  miles,  coinciding  through 
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the  greater  part  of  its  extent  across  southwestern  Minnesota  with 
the  tract  of  knolly  and  hilly  drift  that  forms  the  inner  belt  of  the 
moraine.  The  general  height  beyond,  sometimes  after  a  sl^ht 
descent,  continues  to  rise,  but  oulyslonly,  amounting  to  100  or 
150  feet  in  crossing  the  smooth  gently  undulating  area  between 
this  and  the  outer  morainic  range,  which  divides  the  waters  of  the 
Minnesota,  Des  Moines  and  Little  Sioux  riveiB  on  the  east  from 
those  of  the  Big  Sioux  river,  and  iU  tributaries  on  the  vest,  form- 
ing, as  already  mentioned,  the  highest  part  of  the  Coteau  des  Prai- 
ries. 

The  inner  line  of  hills  of  the  terminal  moraine  extends  from 
Spirit  lake  north  and  northwest  through  Jackson,  Cottonwood, 
Murray,  Lyon,  Lincoln  and  Yellow  Medicine  counties,  to  Oary, 
where  it  enters  Dakota,  11  miles  west,  northwest  from  Canby, 
From  the  west  side  of  Spirit  Jake  its  course  is  north  through  Min- 
neota,  Hunter,  Heron  Lake  and  Delafield,  the  central  range  of 
townships  in  Jackson  county.  The  width  of  this  belt  is  from  three 
to  six  miles.  Its  surface  is  prominently  rolling,  mostly  in  massive 
swells'  20  to  40  feet  above  the  depressions,  but  at  many  places  in 
small,  steep  knolls  and  hillocks  of  similar  height.  The  elevation 
of  the  range  above  the  general  level  is  from  30  to  60  feet.  Its 
material  is  till,  which  here  contains  more  gravel  andbouldera  than 
on  its  smooth,  slightly  undulating  areas  which  extend  at  each  side 
beyong  the  limits  of  the  county.  The  Des  Moines  river,  east  of 
this  moraine,  has  excavated  a  valley  100  feet  deep  in  this  sheet  of 
till,  without  exposing  the  bed  rock;  and  G.  C.  Chamberlin's  well 
at  Jackson  in  this  valley,  went  130  feet  in  till  with  only  thin  beds 
of  sand,  not  reaching  its  base  at  this  depth,  which  is  100  feet  be- 
low the  river  and  200  feet  below  the  top  of  its  blu&s.  The  rail- 
road well  at  Heron  Lake  found  the  drift  186  feet  deep,  underlain 
by  the  red  Pottsdam  sandstone  or  quartzyte.  In  Minneota  this 
morainic  belt  is  about  three  miles  wide,  reaching  from  Little  Spir^ 
it  Lake  and  Clear  lakes  west  to  the  Little  Sioux  river.  It  here  has 
many  knolls  and  short  ridges  which  continue  into  Hunter,  and  are 
crossed  7  to  10  miles  west  of  Jackson  by  the  road  to  Worthington. 
Northwest  from  Jackson  it  is  represented  by  the  rolling  tract  about 
six  miles  wide,  between  the  Des  Moines  and  Heron  Lake,  west  and 
southwest  of  which  is  a  very  flat  expanse  of  till,  10  to  20  feet 
above  the  lake,  stretching  with  slowly  increasing  height  as  far  as 
the  view  extends  westward. 

In  Cottonwood  county  this  moraine  continues  north  to  the  great 
bend  of  the  Des  Moines  river,  six  miles  northwest  of  Windom, 
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Thence  its  course  is  northwest  through  the  north  part  of  Spring- 
field, northeastern  Southbrook,  amithwestem  Amo  and  Rose  Hill. 
Its  most  conspicous  portio;i  and  most  roughly  broken  contour  are 
in  the  Blue  Mounds,  which  lie  three  miles  west  of  Windom.  This 
group  or  range  of  hills,  composed  of  till  with  frequent  boulders, 
extends  three  miles  in  a  northwest  course,  parallel  with  the  De& 
Moines  river  on  the  northeast,  and  Spring  Lakes  on  the  southwest. 
Their  height  is  100  to  150  feet  above  the  river  and  50  to  75  feet 
above  the  general  level  at  their  west  aide.  Beyond  the  Blue 
Mounds  this  inner  morainic  belt  is  crossed  by  the  Des  MoiDeSr 
which  here  flows  eight  miles  northeast,  at  right  angles  with  the 
rest  of  its  course.  Thence  to  Lake  Shetek  this  belt  is  a  prom- 
inent rolling  tract  several  miles  wide,  rising  about  100  feet  above 
the  river,  and  interspersed  with  lakes.  The  Des  Moines  river  lies 
within  a  few  miles  at  the  southwest,  being  nearly  parallel  with  the 
moraine;  as  it  is  also,  but  on  the  opposite  side  below  this  bend. 
Bast  of  Windom,  a  part  of  this  formation,  consisting  of  irregular 
hillocks  of  till  with  enclosed  hollows  and  lakes,  occupies  a  width 
of  two  or  three  miles,  and  forms  the  ascent  of  75  or  100  feetabove 
the  Des  Moines  river,  to  a  higher,  smooth  and  nearly  flat  expanse 
of  till,  which  thence  estends  75  miles  eastward,  descending  yith 
an  imperceptible  slope  to  the  Blue  Earth  river,  and  beyond  this, 
rising  in  the  same  manner  to  the  eastern  series  of  this  curved  mo- 
raine at  the  sources  of  the  Le  Seuer  and  Gannon  rivers,  where  Nic- 
ollet called  it  "the  N.  E.  prong  of  the  Coteau  des  Prairies."  The 
hilly  tract  mentioned  east  of  Windom  appears  to  be  part  of  a  me- 
dial moraine  branching  from  the  terminal  series  on  the  west  and 
extending  north  through  the  two  western  ranges  of  sections  in 
Lakeside  and  Carson.  Tts  most  broken  portion  is  found  in  Sees. 
1 7,  8  and  5,  Carson,  which  have  many  small  hills  and  ridges  40  to 
75  feet  high,  mostly  trending  from  north  to  south,  composed  of 
till  with  abundant  boulders.  Ten  miles  farther  north  an  isolated  • 
morainic  area  is  found  in  Stately,  the  southwest  township  of  Brown 
county,  reaching  from  the  elbow  of  Mound  creek  six  miles  west 
into  the  edge  of  Germantown  in  Cottonwood  county,  with  a  width 
of  three  to  four  miles,  bounded  on  tho  north  by  the  Cottonwood 
river.  It  is  crossed  by  the  lower  paft  of  Mound  creek,  so  named 
because  of  its  mounds,  ridges  and  hills  of  till,  which  are  25  to  75 
feet  high,  abrupt  and  strown  with  boulders  and  pebbles.  Between 
these  areas  of  small  drift  hills  in  Carson  and  Stately  is  a  massive 
ridge  of  red  Pottsdam  quartzyte,  which  extends  25  miles  from  west 
to  east  through  Storden,  Amboy,  Delton  and  Selma,  in  northern 
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Cottonwood  isounty,  terminating  in  the  west  edge  of  Adritui,  the 
northwest  township  of  Watonwan  county.  This  highland  ia  most- 
ly covered  by  a  smooth  surface  of  till,  but  has  frequent  exposures 
of  the  rock.  Its  altitude  increases  from  100  feet  at  Its  east  end  to 
250  feet  westward  above  the  broad,  slightly  undulating  sheet  of 
till  which  covers  the  region  at  its  north  side,  excepting  the  morain- 
ic  tract  in  Stately,  and  reaches  35  milra  north  to  the  Minnesota 
river.  The  height  reached  at  the  top  of  this  qaartzyte  ridge,  from 
1300  to  1400  feet  above  the  sea,  is  a  peramnent  rise  of  the  land 
which  southwestward  holds  nearly  this  average  elevation  to  the 
Des  Moines  river. 

In  northeastern  Murray  county  the  inner  morainic  belt,  two  to 
four  miles  wide,  extends  from  Lake  Eliza  northwest  by  Duck  and 
Buffalo  lakes  and  the  northeast  side  of  Lake  Shetek,  occupying 
the  northeast  part  of  Des  Moines  river  township,  southwestern 
Dovray,  northeastern  Murray,  the  southwest  half  of  Shetek,  and 
the  northeast  part  of  Lake  Sarah.  It  is  distinguished  from  the 
slightly  undulating  areas  of  till  at  each  side  by  its  more  frequent 
boulders  and  its  more  rolling  and  occasionally  hilly  contour;  but 
it  scarcely  anywhere  exhibits  the  rough  surface  which  character- 
ized the  greater  part  of  this  series  of  drift  accumulations.  The 
crests  of  its  swells  are  thirty  to  forty  feet  above  the  intervening 
depressions,  sloughs,  and  lakes;  nearly  the  same  above  the  general 
level  on  each  side;  and  from  75  to  100  feet  above  the  Des  Moines 
river  and  40  to  50  above  Lake  Shetek.  The  only  part  of  the 
series  in  this  county  which  rises  in  mounds  that  are  conspicuously 
seen  at  a  distance  of  several  miles  is  in  the  northeast  corner  of 
Murray  township,  upon  an  area  from  one-half  to  one  mile  wide, 
extending  two  miles  northwesterly  from  Buffalo  lake;  but  its  hills 
here  are  only  30  to  50  feet  above  the  average  height  of  the  range. 
Along  the  northeast  side  of  the  northwest  area  of  Lake  Shetek, 
commonly  called  the  "Inlet,''  are  frequent  small  patches  where 
boulders  nearly  cover  the  ground,  mostly  forming  knolls  from  3 
to  5  or  10  feet  high,  and  occurring  from  the  lake  shore  to  25  feet 
above  it. 

The  inner  terminal  moraine  east  of  Lake  Shetek  and  in  Lyon, 
Lincoln  and  Yellow  Medicine  counties  forms  the  northeast  border 
of  the  Coteau  des  Prairies,  which  has  a  width  of  about  twenty 
miles,  its  southwest  border  being  the  outer  and  more  prominent 
terminal  range  of  drift  hills  which  extends  by  the  west  ends  of 
Lakes  Benton,  Shaokatan  and  Hendricks.  From  the  Blue  Mounds 
in  southern  Cottonwood  county  to  6ary  in  the  edge  of  Dakota,  the 
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course  ol  the  inner  series  of  tliis  formation  is  northwest  and  near- 
ly straight.  In  Lyon  county  its  northeast  boundary  passes  tbroogh 
the  center  of  Custer,  Lyon  and  Island  lake  townships,  and  follows 
approximately  the  line  between  this  and  Lincoln  county,  for  the 
next  six  miles  at  the  west  side  of  Nordlaad.  It  crosses  northeast- 
ern Lincoln  county  from  the  southeast  coroer  of  Altavista  to  sec- 
tion 3,  Marble,  six  miles  south  of  Canby;  and  in  Yellow  Medicine 
county  its  course  is  from  section  33,  Norman,  to  section  7,  Florida. 
The  most  rough  and  hilly  part  of  this  morainic  belt  is  from  ^  to  1^ 
miles  wide  at  its  northeast  side,  where  it  usually  has  many  irregu- 
lar knolls,  short  ridges,  and  hills,  which  rise  from  25  to  50  feet, 
and  occasionally  75  to  100  feet  above  the  interyening  depressions. 
Their  conspicuous  appearance,  as  seen  from  the  northeast,  is  doe 
to  the  ascent  westward  of  the  country  upon  which  they  lie.  The 
Ooteau  des  Prairies,  in  these  inner  and  outer  series  of  drift  hills 
and  upon  ite  intervening  tract  of  smooth  or  moderately  rolling 
land,  has  no  exposures  of  the  bed  rock,  but  the  elevation  of  this 
highland  b  doubtless  caused  by  the  altitude  of  the  underlying 
rock  surface,  upon  which  the  drift  has  been  deposited  as  a  sheet 
which  is  commonly  from  100  to  200  feet  thick  throughout  the 
western  two-thirds  of  Minnesota.  From  the  specially  hilly  north- 
east margin  of  this  moniinic  belt  its  width  reaches  Eve  to  fifteen 
miles  southwestward  with  a  rolling  and  in  some  places  knolly  or 
hilly  surface,  including  the  greater  part  of  the  distance  to  the 
parallel  outer  range  of  drift  hills,  but  leaving  next  to  that  a  smooth 
slighty  undulating  tract,  three  to  iive  miles  wide.  In  Marshtield 
and  Lake  Stay  (Ts.  110  and  111.  of  R.  44)  this  smooth  contour  ex- 
tends eight  miles  north  from  the  Cottonwood  lake  (dry  during  the 
last  two  or  three  years,)  and  the  east  end  of  Lake  Benton,  its  limit 
being  here  twelve  miles  from  the  outer  moraine.  All  these  areas 
are  till,  with  many  boulders  upon  the  portions  which  are  most 
broken  by  knolls,  hills  and  hollows. 

The  Antelope  Hills  and  Valley.  A  third  well  marked  series 'of 
low  broken  hills  and  ridges  of  till,  with  abundant  large  and  small 
rock-fragments,  is  found  in  Yellow  Medicine  and  Lac  qui  Parle 
counties,  lying  8  to  IS  mile^  northeast  from  the  inner  morainic 
belt  of  the  Cotean,  and  extending  north,  northwest  40  miles  within 
the  limits  of  Minnesota.  The  width  of  this  morainic  series  is 
usually  from  one-fourth  to  one-half  mile,  being  less  than  that  of 
the  specially  knolly  belts  upon  the  Coteau  des  Prairies.  It  appears 
like  them  to  be  a  terminal  moraine  ;  and  its  location  shows  that  it 
was  accumulated  after  a  second   retreat  •f  the  ice-border.     The 
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slight  readrance  by  which  these  hillocks  was  heaped  at  its  termi- 
nation seems  not  to  have  occurred  generally  to  other  portions  of 
the  ice-9faeet ;  at  least  a  corresponding  thiid  distinct  moraine  has 
not  been  noticed  by  me  elsewhere.  This  formation  begins  in  sec- 
tions 32,  29  and  19.  of  Burton  (T.  114,  R.  43),  in  Yellow  Medicine 
county  ;  continues  through  sections  13, 11  and  3,  of  Vergeland 
(T.  114,  R.  44),  with  similar  outlaying  hillocks  and  ridges  in  sec- 
tions 9,  16,  16,  21,  22  and  23,  of  this  township  ;  and  for  the  next 
six  miles  northward,  lies  in  the  southwest  edge  of  Oshkosh  and 
the  northeast  edge  of  Hammer.  In  Lac  qui  Parle  county  this 
moraine  forms  the  tito  conspicuous  clusters  of  the  Antelope  hills, 
in  sections  27  and  16,  Preeland  (T.  116,  R.  45),  elevated  40  to  100 
feet  above  the  smoothly  undulating  till  of  their  region.  Its  con- 
tinuation runs  from  section  32,  T.  117,  R.  45,  in  a,  nearly  straight 
course  to  section  33,  T.  119,  R.  46.  One  of  its  hills,  about  60  feet 
high,  at  the  north  side  of  the  west  branch  of  Lac  qui  Parle  river, 
in  section  18,  T.  117,  R.  45,  has  been  named  Mt.  Wiekham. 
Thence  for  ttve  miles  northerly  this  knoUy  belt,  10  to  40  feet 
above  the  general  level  on  each  side,  is  known  as  the  Stony  Ridge. 
In  T.  119,  R.  46,  the  ranpe  seems  to  be  offset  three  miles  to  the 
northeast,  from  section  33  to  section  14,  and  thence  it  extends 
west,  northwest  to  the  State  line.  In  the  east  edge  of  Dakota. 
these  accumulations  rise  prominently  in  the  fractional  T.  120.  R. 
47,  and  are  called  Yellow  Bank  bills,  from  the  river  of  this  name 
which  here  flows  through  them.  Mt.  Tom,  their  highest  point, 
in  or  near  the  N.  E.  ^  of  section  32  of  this  township,  has  an  ele- 
vation of  about  100  feet.  A  belt  of  rolling  land,  aboiit  three 
mites  wide,  higher  than  the  more  gently  undulating  areas  on  each 
side,  continues  from  these  hills  northwesterly  across  Grant  county 
and  into  the  Sisseton  and  Warpeton  reservation,  lying  within  six 
miles  •aenhwest  of  Big  Stone  lake,  and  having  its  east  side  at 
about  the  same  distance  west  of  Brown's  Valley. 

Between  this  morainic  belt  and  the  foot  of  the  Coteau  on  the 
west  is  the  Antelope  Valley,  so  named  by  the  Sioux.  This  is  a 
broad  shallow  depression,  with  a  slightly  undulating  surface  of 
till,  being  from  three  to  ten  miles  wide,  and  reputed  to  extend  125 
miles,  from  the  northwest  township  of  Lyon  county  in  Minnesota 
to  the  south  bend  of  the  Sheyenne  river  in  Dakota.  The  moraine 
of  the  Antelope  hills  and  the  smooth  area  of  till  on  its  east  side 
average  95  to  50  feet  higher,  but  have  some  lower  portions,  allow- 
ing streams  to  cross  the  Antelope  Valley  transversely  ;  and  next 
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to  the  west  the  Coteau  rises  about  700  feet  within  ten  or  lifteen 
miles. 

The  outer  or  western  moraine  belt  of  tlie  Coteuu  des  Prairies 
extends  into  the  south  edge  of  MLauesota  along  its  course  of  20 
miles,  next  west  from  Spirit  lake,  where  the  greater  part  of  its 
width  lies  in  Iowa.  From  the  Little  Sioux  river  at  the  west  side 
of  Minnesota  in  Jackson  county,  to  Indian  lake  in  southeastern 
Nobles  county,  the  width  of  this  formation  in  our  state  ie  from  IJ 
to  5  miles,  reaching  north  to  Skunk  lake,  to  ^  mile  beyond  Rush 
lake,  to  Plum  Island  and  Round  lakes,  and  to  the  north  end  of 
Indian  lake.  Its  greatest  extent  north  in  this  distance  is  at  the 
north  side  of  Round  lake;  but  south  of  this  a  tract  about  two 
miles  wide  and  three  miles  long  to  the  east  from  State  Line  lake, 
is  smooth  and  only  slightly  undulating,  though  enclosed  by  rolling 
or  knolly  morainic  areas. 

In  its  northwestern  course  across  Nobles  county  this  belt  has  a 
width  of  about  five  miles  to  the  center  of  the  county  and  Summit 
lake,  including  the  southwest  part  of  Indian  lake,  nearly  all  of 
Bigelow,  the  northeast  edge  of  Ransom,  southwestern  Worthington, 
the  northeast  half  of  Dewald,  and  the  south  half  of  Summit  lake, 
with  a  spur  extending  north  through  sections  14,  11,  and  2,  of  the 
last  named  township.  Unward  in  T.  103,  R.  i2,  and  in  the  west 
half  of  Willmont,  its  width  diminishes  from  three  or  four  miles  to 
about  one  mile.  Its  contour  through  Nobles  county  is  prominent- 
ly rolling  in  swells  that  trend  approximately  from  southeast  to 
northwest,  and  rise  50  to  75  feet  above  the  smooth,  slightly  undu- 
lating area  next  northeast,  which  extends  thence  with  an  imper- 
ceptible descending  slope  northeastward  20  miles  to  the  inner 
moraine  beyond  Heron  lake  and  the  upper  part  of  Des  Moines 
river.  Westward  the  surface  is  in  swells  which  trend  mostly  from 
north  to  south,  more  massive  and  smoother  than  those  which  form 
the  outer  terminal  moraine,  and  of  about  the  same  elevation;  or  in 
nearly  level,  equally  high  plateaus;  as  at  Rushmore,  10  miles  west 
of  Worthington,  and  in  the  southwest  part  of  Little  Rock.  The 
material  of  Nobles  county  is  nearly  everywhere  till  or  boulder- 
clay;  excepting  the  plain  with  a  subsoil  of  gravel  and  sand,  which 
occupies  the  southern  two  thirds  of  Grand  Prairie,  its  southwest 
township,  surrounded  by  swells  of  till  40  to  75  feet  higher. 

In  western  Murray  county  and  northeastern  Pipestone  county 
Ihe  outer  moraine  rises  in  a  conspicious  series  of  drift-hills,  which 
continues  thence  150  miles  north-northwest  as  a  belt  of  very 
knolly  and  hilly  drift  from  one  to  five  miles  wide,  to  the  head  of 
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the  Coteau  des  Prairiea,  west  of  Lake  Traverse.  Throughout  this 
distance  its  material  is  till  with  abundant  boulders  and  pebbles, 
principally  of  granite,  syenite,  gneiss  and  schists,  but  nlso  includ- 
ing many  of  limestone.  Its  surface  is  broken  by  a  multitude  of 
mounds,  short  ridges  and  hillocks,  from  10  to  50  feet  above  the  hol- 
lows which  occasionally  contain  sloughs  and  lakelets.  From  Mur- 
ray county  to  the  center  of  Deuel  county  in  Dakota,  west  of  Gary, 
this  morainic  belt  form  a  range  50  to  100  feet  above  the  smooth  till 
at  its  west  side  which  is  either  in  massive  swells,  as  generally  in  Pipe- 
stone county,  or  farther  north,  in  slightly  undulating  and  often 
nearly  flat  slopes  which  descend  westward  to  the  Big  Sioux  river. 
At  the  east  side  of  this  rauge  gently  undulating  till  from  100  to 
200  feet  covers  an  area  15  to  20  miles  wide,  in  central  Murray 
county,  and  a  narrower  belt  through  Lyon  county,  reaching  to  the 
borders  of  the  inner  moraine.  In  northern  Deuel  county  and 
northward  through  Grant  county  to  the  source  of  the  Big  Sioui 
river,  the  two  morainic  series  lie  nearer  together,  and  the  three  or 
four  miles  intervening  between  their  roughest  belts  have  a  rolling 
and  in  some  places  knolly  surface,  which  rises  75  or  100  feet  per 
mile  westward  to  the  west  side  of  the  outer  moraine.  Through 
thifi  distanct!  and  north  to  the  head  of  the  Coteau  des  Prairies  this 
ascent  reaches  an  elevation  about  lOOO  feet  above  the  Minnesota 
river  and  Big  Stone  and  Traverse  lakes.  Though  no  ezi>osures  of 
the  bed-rock  have  been  found  upon  this  highland,  it  is  believed  to 
rise  here  much  higher  than  in  the  valley  sof  the  Minnesota,  Big 
Sioux  and  James  rivers  at  each  side.  The  altitude  of  the  Coteau 
is  probably  thus  caused  by  the  greater  height  of  the  rock  upon 
which  these  drift  deposits  lie,  rather  than  by  their  extraordinary 
thickness  beyond  that  which  they  commonly  have  throughout 
southwestern  Minnesota.  The  depth  that  is  added  to  the  general 
drift-sheet  by  the  accumulations  of  the  terminal  moraine  does  not 
appear  to  average  more  than  60  to  75  feet;  and  its  highest  hills 
found  in  the  exploration  of  this  formation  through  Minnesota, 
Iowa  and  southeastern  Dakota,  very  seldom  exceed  a  height  of  100 
or  150  feet  above  the  general  level  of  the  country.  The  only  tract 
of  considerable  extent  where  they  attain  a  greater  elevation  is  the 
Leaf  hills  in  southern  Otter  Tail  county,  which,  for  a  distance  of 
25  miles,  are  from  100  to  350  feet  high.  Upon  the  most  promi- 
nent portion  of  the  Coteau  des  Prairies  extending  from  Deuel 
county  northward,  the  knolls  and  hillocks  of  this  moraine  rise  20 
to  50  and  rarely  75  feet  above  the  adjoining  hollows;  and  the 
thickness  which  it  adds  to  to  drift-sheet  appears  to  be  from  50  to 


byGoO'^lc 


3S2  ANlinTAX   BEPOBT. 

100  feet.  That  the  prominetice  of  this  highland  is  not  due  to 
these  monunic  accuniulations  is  shown  hy  the  greater  elevation 
that  is  reached  within  from  two  to  five  miles  distance  bj  the 
smooth  sheet  of  till  at  its  west  aide,  which  forms  the  watershed, 
and  beyond  decends  to  the  Big  Sioux  river. , 

The  outer  moraine  in  Murray  county  includes  the  west  edge  of 
T.  105,  R.  42,  being  here  from  one-fourth  of  a  mile  to  one  mile 
wide,  the  south  two-thirds  of  Leeds,  the  northeast  two-thirds  of 
Ohanarambie,  its  most  conspicuous  portion  in  this  county  being 
Buffalo  ridge,  100  to  150  feet  high,  trending  from  southeast  to 
northwest,  in  sections  21  and  16  of  this  township;  the  west  half  of 
Cameron,  and  the  southwest  corner  of  Ellsworth.  Its  area  in 
Leeds,  extending  six  miles  east  from  the  main  course  of  the  series, 
and  surrounded  on  the  south,  east  and  north  by  a  lower  expanse  of 
smooth,  slightly  undulating  till,  may  be  a  medial  branch.  Eight 
miles  northeast  from  this,  in  sections  8  and  5.  Mason,  is  a  remark- 
able plateau  of  till,  with  its  top  nearly  level,  and  covering  1^ 
square  mUes,  from  which  there  is  a  descent  of  about  200  feet  in 
three  miles  east  to  Lake  Shetek,  and  about  100  feet  in  the  same 
distance  west  to  Bear  lakes. 

In  northeastern  Pipestone  county  the  morainic  belt  is  about 
three  miles  wide,  and  extends  through  the  northeast  part  of  Rock, 
the  center  of  Mtnh  and  the  northeast  edge  or  Fountain  Prairie. 
In  jEtna,  the  northeast  township  of  this  county,  it  is  quite  pic- 
turesquely, broken  in  knolls  and  spurs,  which  rise  gradually  to  a 
height  of  100  to  150  feet  above  the  land  on  each  side. 

In  Lincoln  county  this  moraine  is  about  two  miles  wide,  and  ex- 
tends north-northwest  by  the  west  ends  of  lakes  Benton  and  Sha^ 
oakatan,  passing  through  the  middle  of  Lake  Benton  township,  the 
southwest  comer  of  Diamond  lake,  the  center  of  Drammen  and 
southwestern  Shaokatan.  Its  height  from  it«  east  edge  is  100  to 
300  feet,  and  from  its  west  edge  40  to  75  feet.  This  morainic  belt 
and  the  thick  sheet  of  till  which  is  massed  against  its  west  side  and 
descends  thence  westward,  are  penetrated  in  the  west  part  of  Lake 
Benton  township,  by  a  deep  channel  or  valley,  which  is  called, 
translating  its  Sioux  name,  "The  Hole  in  the  Mountain."  The 
railroad  between  Lake  Benton  and  Yerdi  goes  suuth-eouthwest  four 
miles  through  this  gap,  bounded  on  each  side  by  picturesque  b\uSs 
which  are  buttressed  by  steep  spurs  and  cut  by  deep  tributary  ra- 
vines. Its  depth,  wholly  in  the  glacial  drift,  is  from  150  to  200 
feet  below  the  knolly  surface  of  the  moraine,  and  its  highest  point 
is  about  15  feet  above  Lake  Benton,  which  has  its  outlet  eastward 
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into  the  Redwood  river.  This  valley,  from  |  to  ^  mile  wide,  was 
evidently  excavated  by  a  river  that  floyre<l  from  northeast  to  south- 
west across  this  great  ridge,  which  is  the  highest  land  in  south- 
westerm  Minnesota,  being  1000  feet  above  the  Minnesota  river 
at  the  northeast,  350  feet  above  the  Big  Sioux  at  the  weat,  and 
about  1960  feet  above  the  sea.  For  three-fourths  of  a  mile  south- 
west from  Lake  Benton,  this  channel  is  double,  being  divided  by  a 
remnant  of  the  morainic  range,  which  rises  nearly  as  high  as  the 
enclosing  bluf&.  The  east  pass  is  called  the  "  Dutchman's  Gap." 
and  through  it  the  carriage  road  goes  south  and  then  southwest  to 
the  "  Hole  in  the  Mountain." 

At  three  other  places,  11,  14  and  18  miles  northwest  from  Lake 
Benton  (see  map  of  this  region  on  plate  YI),  similar  channels  have 
been  noted  through  the  massive  ridge  of  this  moraine  and  through 
the  smooth  sheet  of  drift  that  slopes  downward  from  its  west  side. 
The  first  of  these  channels  begins  at  the  southwest  end  of  Luke 
Shaokatan,  and  tirsi  extends  about  two  miles  soutbwest,  in  the 
same  course  with  this  lake,  through  the  knolly  belt  of  the  mor- 
aine, beyond  which  its  course  for  the  next  three  miles  is  northwest 
along  its  west  side,  crossing  the  State  line,  from  section  31,  Shaoka- 
ton,  to  the  east  part  of  section  21,  T.  Ill,  R.  47.  There  it  is  joined 
from  the  northwest  by  the  second  of  these  channels,  which  enters 
the  moraine  in  the  southwest  quarter  of  section  7,  Shaokatan. 
This  is  the  only  one  of  these  gaps  through  which  the  drainage  now 
takes  place,  as  at  the  time  of  their  excavation,  from  the  northeast 
to  the  southwest  side  of  the  morainic  range.  Blufis  75  to  100  feet 
high  form  the  sides  of  these  valleys,  enclosing  a  nearly  flat  bottom 
land  which  varies  from  300  to  800  feet  in  width.  Lake  Shaokatan 
outflows  northeastward  to  the  Yellow  Medicine  river;  but  the 
highest  part  of  the  valley  that  extends  from  it  aouthwest  and  then 
northwest,  is  only  slightly  elevated  above  it.  The  southwest  course 
of  the  second  channel  is  continued  2J  miles  below  their  junction, 
having  about  the  same  depth  and  width,  to  the  center  of  section 
30,  T.  Ill,  R.  47,  where  it  enters  the  last  of  these  remarkable  val- 
leys. This  lies  wholly  in  Brookings  county,  Dakota.  It  extends 
six  miles  southward  from  the  southwest  end  of  Lake  Hendricks, 
and  then  about  a  half  mile  beyond  the  confluence  of  the  valley 
from  Lake  Shaokatan,  it  turns  west-southwest.  Its  depth  for  the 
first  two  miles  south  of  Lake  Hendricks,  where  its  blufls  are  capped 
by  the  knolls  and  short  ridges  of  the  moraine,  is  from  160  to  200 
feet.  Along  the  remainder  of  its  course  to  the  mouth  of  the  tribu- 
tary channel,  its  blufe  ascend  steeply  about  100  feet,  and  from 
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their  top  a  moderate  slope  rises  40  to  50  feet  higher.  Below  this 
jimction  the  valley  slowly  diminishes  in  depth,  and  after  six  miles 
reaches  an  area  of  Low  land  in  the  northwest  part  of  T.  11,  R.  48, 
which  stretches  thence  to  the  Big  Sioux  river.  A  nearly  flat  bot- 
tom land  from  1-10  to  \  mile  wide  -Extends  from  Lake  Hendricks 
the  entire  length  of  this  valley.  Its  highest  part,  1^  miles  from 
the  lake,  is  about  15  feet  above  it,  the  outlet  of  this  lake  being 
northeastward  to  the  Lac  qui  Parle  river. 

The  channel  which  has  been  last  described,  raDniug  south  from 
Lake  Hendricks,  was  called  by  the  Sioux  "  The  Brother  of  the 
Hole  in  the  Mountaia,"  because  of  its  close  tikeness  to  the  pass 
south,  southwest  from  Lake  Benton.  The  west  end  of  these  lakes, 
for  about  a  mile  of  each,  are  bordered  by  hillocks  and  high  blu%, 
and  occupy  the  extremities  of  these  channels  at  their  entrance 
within  the  limits  of  the  moraine.  Lake  Benton  is  six  miles  long 
and  from  one-half  mile  to  a  mile  wide,  its  greatest  width  being  at 
the  northeast.  Lake  Shaokatan  is  about  three  miles  long,  and 
from  ono^ighth  two  three-fourths  mile  wide,  its  maximum  width 
being  near  the  middle.  The  southwest  end  of  this  lake  is  at  the 
northeast  edge  of  the  mortdnic  belt.  Lake  Hendricks  is  three  and 
oae-half  miles  long,  and  its  width  varies  from  one-fourth  to  three- 
fourths  of  a  mile,  being  greatest  near  its  northeast  end.  The 
maximum  depth  of  each  of  these  lakes  is  reported  to  be  about 
15  feet ;  and  they  are  bordered  on  all  sides  excepting  the  west  by 
smoothly  undulating  till,  which  varies  'from  10  to  30  feet,  or 
rarely  50  feet,  above  them.  Thus  the  hollows  in  which  they  lie 
sink  about  40  feet  below  the  general  level  of  the  driftr^beet  at  the 
east  side  of  the  morainic  range,  and  about  30  feet  below  the  highest 
part  of  these  channels  which  are  continuations  from  them  through 
this  moraine  and  the  thick  sheet  of  till  at  its  west  side.  Nowhere 
else  for  at  least  50  miles  next  to  the  northwest  from  Murray 
county  is  this  massive  ridge  intersected  by  any  similar  channei, 
and  its  altitude  throughout  this  distance  is  from  100  to  200  feet 
above  these  lakes.  Its  highest  portion,  forming  a  belt  about  two 
miles  wide,  marked  by  many  hillocks  and  hollows,  appears  to  have 
been  pushed  out  at  the  margin  of  an  ice-sheet  that  lay  upon  its 
northeast  side.  The  excavation  of  these  channels  took  place  at 
the  same  time  with  the  accumulation  of  this  moraine,  or  more 
probably  at  the  close  o£  this  part  of  our  last  glacial  epoch,  when 
the  ice  was  being  rapidly  melted,  but  before  it  had  receded  to  its 
inner  line  of  moraine  ;  for  the  thick  mass  of  the  ice-sheet,  rising 
high  above  its  terminal  deposits,  is  the  only  barrier  that  we  can 
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suppose  to  have  existed  to  turn  the  course  of  drainage  across  this 
highland,  which  is  now  the  watershed  between  the  much  lower 
broad  basins  of  the  Minnesota  and  Big  Sioux  rivere,  and  after  this 
was  withdrawn  to  its  later  limits  at  its  inner  moraine,  extending 
from  Spirit  lake  to  Lake  Shetek  and  Gary,  a  lower  avenue  was 
opened  southward  to  the  Little  Sioux  river.  Without  reference  to 
this  barrier,  it  is  evident  that  the  course  of  the  waters  that  eroded 
these  valleys  was  southwest,  because  of  their  extent  and  fall  in  this 
direction.  The  channel  that  reaches  south  from  Lake  Hendricks 
and  then  southwest  descends  from  the  summit,  one  and  one-half 
miles  south  of  the  lake,  with  a  very  gradual  slope  which  probably 
amounts  to  75  or  100  feet  in  the  next  ten  miles,  its  width  con- 
tinuing nearly  the  same  as  where  it  intersects  the  moraine. 
Another  proof  that  the  course  of  drainage  was  southwest  is  the 
confluence  in  this  direction  of  the  three  valleys  that  cross  this 
range  at  Lake  9haokatan,  three  miles  farther  northwest,  and  at 
Lake  Hendricks. 

Oo  the  other  side  of  the  moraine  no  well  marked  valleys  extend 
northeastward  from  the  lakes;  and  their  outlets,  which  run  only 
at  unusually  wet  seasons,  are  turned  in  a  meandering  course  by 
slight  undulations  of  the  surface.  There  seems  to  be  no  indica- 
tion that  the  channels  through  the  moraine  have  become  partially 
filled  since  their  excavation,  raising  them  to  their  summits,  15  feet 
more  or  less,  above  Lakes  Benton,  Shaokatan  and  Hendricks;  while 
yet  the  position  and  form  of  these  lakes  demonstrate  that  the  por- 
tions of  the  drift-«heet  which  would  have  filled  their  depressions. 
were  carried  away  by  l^he  rivers  that  cut  these  gaps.  Now  it  is 
clear  that  the  overflow  from  a  lake  lying  between  the  ice-sheet  and 
its  moraine  conld  not  excavate  a  hollow  several  miles  long  below  a 
snmmit  which  it  afterward  crossed.  Respecting  the  possible  ac- 
tion of  subglacial  rivers  we  have  little  knowledge,  but  it  appears 
improbable  that  they  could  erode  sneh  hollows,  carrying  the  mate- 
rial forward  through  higher  channels.  It  is,  however,  nearly  cer- 
tain that  this  reinoval  of  the  drift  belonging  upon  the  areas  occu- 
pied by  these  lakes  took  place  while  the  ice-sheet  still  covered  the^e 
areas  and  reached  to  its  terminal  moraine;  but  near  the  end  of  thiM 
time  when  a  warmer  climate  was  rapidly  melting  its  surface  everj' 
summer,  pouringdown  large  rivers  to  its  margin.  By  such  melting, 
the  drift  which  had  been  gathered  into  the  ice-mass  would  become 
exposed  upon  its  surface,  and  in  and  near  its  principal  avenues  of 
drainage  would  be  washed  away.  Only  in  this  manner  could  the 
material  of  the  drift-sheet  corresponding  to  the  depressions  of 
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these  lakes,  be  remoTed  by  the  usual  agency,  that  ia,  by  the  cuiv 
rent  of  descending  streams.  If  this  be  the  true  explanation,  it  in- 
volves a  very  important  conclusion  respecting  the  amount  of  drift 
contained  in  the  ice-sheet  and  finally  exposed  by  the  melting  of 
its  surface.  Modified  drift  and  kamee,  as  also  certain  features  of 
the  till  and  of  the  terminal  moraines,  prove  that  the  ice  of  the  gla- 
cial period  became  considerably  filled  with  the  material  of  the 
drift,  gathered  up  into  its  mass  from  the  land  over  which  it  moved. 

Oiir  last  explanation  of  the  origins  of  these  lake  basins  indicates 
that  the  ice-held  drift  here  amounted  to  a  sheet  at  least  40  feet 
thick;  but  much  of  it  may  have  been  in  the  lower  150  feet  of  the 
ice,  below  the  top  of  its  terminal  moraine. 

In  Dakota  the  continuation  of  this  outer  belt  of  knolly  and  hilly 
drift  has  been  traced  north-northwest  through  northeastern 
Brookings  county,  the  center  of  Deuel  county, southwestern  Grant 
county  and  the  northeast  corner  of  Codington  county.  Its  width 
is  from  two  to  three  miles.  North  from  Gary  the  nearly  parallel 
inner  moraine,  very  roughly  broken  upon  a  width  that  varies  from 
one  to  two  miles,  is  divided  from  this  western  moraine,  as  was 
stated  on  a  preceding  page,  by  a  width  of  three  or  four  miles  which 
has  a  rolling  surface  but  is  much  smoother  in  itS:  outlines  and 
slopes  than  these  specially  knolly  belts.  The  inner  or  eastern  mo- 
rdine  is  generally  from  100  to  200  feet  above  the  foot  of  the  slope 
on  which  it  lies.  This  ascends  some  250  feet  more  in  the  interval 
between  this  and  the  outer  or  western  moraine,  which  lies  between 
about  500  and  650  feet  above  the  base  of  this  slope,  and  approxi- 
mately between  800  and  950  feet  above  the  Minnesota  river  and 
Big  Stone  Lake.  At  the  west  side  of  the  outer  moraine  in  north- 
em  Deuel  county  and  northward  after  a  descent  of  20  to  40  feet 
a  smooth  surface  of  slightly  undulating  till  succeeds,  and  within  a 
few  miles  rises  30  to  50  feet,  and  in  some  portions  75  feet,  above 
the  highest  hillocks  that  were  heaped  at  the  margin  of  the  ice- 
sheet,  this  watershed  being  from  1000  to  1050  feet  above  the 
Minnesota  river  or  about  2000  feet  above  the  sea.  The  material  of 
these  moraines  is  till  with  many  boulders;  and  their  contour  is  as 
usual,  in  many  small  hills,  ridges  and  irregular  hollows. 

The  outer  moraine  crosses  northeastern  Brookings  county  from 
sections  15  and  18,  T.  Ill,  R.  47,  to  sections  1  and  2,  T.  112,  R. 
48.  The  Bonthwest  end  of  lake  Hendricks  and  Oak  l^e  lie  in  the 
east  part  of  this  belt.  In  Deuel  count;  it  first  extends  north 
through  the  east  third  of  Ts.  113  and  114,  R.  48,  and  thence  pass- 
es northwestward  to  the  county  line  at  the  north  side  of  sectiona 
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1,  2,  and  3,  of  its  northwest  township.  Clear  lake,  the  Cotenu 
lakes,  and  the  North  Two  Woods  lakes  lie  at  its  west  aide,  the  last 
being  in  the  depression  between  this  belt  of  drift  hills  and  knolls 
and  the  higher  smooth  surface  of  till  three  miles  farther  north- 
west. In  crossing  Deuel  county  from  east  to  west  on  the  Winona 
&  St.  Peter  {C.  &  N.  W.)  railroad,  the  traveler  enters  the  inner 
morainic  belt  at  the  west  edge  of  Minnesota,  a  little  east  of  Gary. 
This  Jine-jcrosses  this  bfU  obliquely^  occupvinirjbout  Jour  miles: 
and  the  nest  six  miles,  Ijmg  partly  on  each  siae  ot  Altamont,  are 
among  the  knolls  and  small  hills  of  the  outer  moraine,  succeeded 
.by  a  smooth,  slightly  undulating  area  of  till,  which  rises  to  the 
summit  of  this  line  near  Goodwin,  2000  feet  above  the  sea,  extends 
thence  nearly  level  to  Kranzburg,  and  then  descends  250  feet  by  a 
very  gradual  elope  to  Watertown,  Several  lakes  occur  between 
these  moranic  belts  in  Deuel  county,  the  largest  being  Lake  Alice, 
two  miles  noHh  of  the  railroad. 

In  southwestern  Grant  county  and  the  northeast  corner  of  Cod- 
ington county,  the  west  border  of  the  outer  moraine  extends  from 
section  34,  T.  118,  R.  50,  to  the  southwest  comer  of  section  30,  T. 
119,  R.  50,  and  thence  passes  more  westerly  to  sections  36  and  25, 
T.  120,  R,  52.  A  lake  two  miles  long  lies  at  the  southwest  side  of 
this  knolly  belt  in  T,  118,  R.  50,  and  Punished  Woman's  lake  lies 
within  its  limits  seven  miles  farther  northwest,  in  the  northeast 
township  of  Codington  county.  The  line  of  inner  moraine  in 
Orant  county  reaches  from  section  31,. T.  118,  R.  48,  northwester- 
ly to  sections  33  and  34,  T.  120,  R.  50. 

The  farther  extent  of  this  formation  forty  miles  north-north- 
west to  the  head  of  the  Coteau  dea  Prairies,  twenty-five  miles  west 
■of  Lake  Traverse,  has  not  been  explored.  The  land  on  which  it 
lies  is  conspicuously  seen  from  the  east,  as  it  maintains  a  continu- 
ous height  about  2000  feet  above  the  sea,  or  1000  feet  above  Big 
Stone  lake.  Brown's  valley,  and  Lake  Traverse.  Within  a  few 
miles  north  from  the  head  of  the  coteau,  the  land  in  the  north- 
vest  part  of  the  Sisseton  and  Warpeton  reservation  falls  600  feet 
to  the  lowest  portion  of  the  watershed  between  Brown's  Valley 
and  the  Sheyenne  river. 

THE  MEDIAL  MORAINE  PROU  THE  HBAB  OF  THE  COXBA.I;  DBS  PRAIRIES 
TO  TtJRTUB  MOUNTAIN. 

It  seems  quite  probable  that  a  morainic  belt  of  knolly  and  hilly 
drift,  several  huadred  feet  lower  than  this  most  elevated  north- 
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western  portion  of  the  Coteau  des  Prairies,  continues  in  the  same 
north-north-west  course  between  the  Shtiyenne  and  James  river, 
or  in  part  east  of  the  Sheyenne,  to  the  Devil's  lake  (Mini-w&kan), 
a  distance  of  17d  miles.  Nicollet  crossed  the  area  between  these 
rivers  near  latitude  46°,  30,  about  60  miles  northwest  from  the 
head  of  the  coteau.  and  remarks  that  its  highest  portion  "may 
be  considered  as  a  coutinuation  of  the  Coteau  des  Prairies."  He 
states  that  in  approaching  Devifs  lake  from  the  southeast,  on  the 
east  side  of  the  Sheyenne  river,  the  highest  of  the  bills  at  its  south 
side,  called  by  the  Sioux  Mini-wakan-ckante,  "the  heart  of  Devil's 
lake,"  could  be  seen  ^t  a  distance  of  more  than  thirty  miles.  'The 
lake  is  on  the  plateau  of  the  Shayen-oju  [Sheyenne  river],  and  is 
surrounded  by  swells  and  hills,  varying  in  height  from  twenty  to 

250  feet The  lake  itself  is  so  filled  up  with  islands  and 

promontories,  that,  in  traveling  along  its  shores,  it  is  only  occasion- 
ally that  one  gets  a  glimpse  of  its  expanse."*" 

Turtle  Mountain,  which  is  crossed  by  our  national  boundary  75 
to  100  miles  northwest  from  Devil's  lake,  appears  to  be  a  portion 
of  the  same  morainic  series.  Of  this  *'  MountaiD  "  Mr.  George  M.  * 
Dawson  writes:  "  It  is  a  broken,  hilly,  wooded  region,  with  an  area 
o£  perhaps  twenty  miles  square,  and  slopes  gradually  upward  from 
the  plain  around  it,  above  which  it  is  elevated,  at  its  highest  points, 
about  500  feet Nearly  all  the  abrupt  slopes  and  ridges  in  Tur- 
tle mountain — of  which  there  are  many — show  boulders  in  abun- 
dance, and  these  appear  to  be  chiefly  of  Laurentian  rocks The 

western  is  more  abruptly  hilly  than  the  eastern  side,  and  the  more 
prominent  ridges  have  a  general  northerly  and  southerly  direction 
with  intervening  valleys  characterized  by  swamps  and  lakes. 
Large  areas  of  comparatively  level,  or  only  gently  undulated 
ground,  are  however  found  in  some  places.  The  surface  of  the 
'  mountain '  appears  to  be  that  of  the  drift,  as  deposited,  and  has 
been  but  little  modified  by  subsequent  sub-aerial  action.  The 
lakes  lie  in  basin-like  hollows,  and  notwithstanding  their  great 
number,  drainage  valleys  and  stream  courses  are  few  and  unim- 
portant."! 

6apt.  W.  J.  Twining  says:  '*From  Turtle  Mountain  to  the 
southeast,  there  is  a  series  of  rough  hills,  vrith  intervals  of  rolling 
prairie,  extending  to  Devil's  lake,  and  thence  to  Lake  Jessie,  form- 
ing with  the  Coteau  of  the  Prairie,  ou  the  western  border  of  Min- 
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tiesota,  a  line  of  drift  (ormstion  almost  exactly  parallel  and  simi- 
lar in  character  to  the  Coteau  of  the  Missouri."* 

The  principal  masses  of  morainic  drift  which  are  found  rising  in 
prominent  hills  in  or  near  the  line  of  continuation  of  thia  forma- 
tion to  the  north  and  northwest,  occur  in  ranges  which  extend 
from  east  to  west  or  from  northeast  to  southwest.  These  include 
the  Blue  hills,  stretching  about  75  miles  east  from  the  lower  part 
of  the  Sonris  or  Mouse  river,  and  the  ranges  of  the  Little  Touch- 
wood hilts  and  the  Touchwood  hilla  north,  of  the  Qu'Appelle  riv- 
er. Of  the  last  Prof.  H.  Y.  Hind  writes:  "The  general  direction 
of  the  range  is  K.  26°  E.  It  appears  to  consist  of  a  series  of  drift 
hills,  many  of  which  rise  in  rounded  dome-shaped  forms  from  the 
summit  plateau,"  which  is  stated  to  have  a  width  of  four  miles  and 
an  elevation  about  500  feet  above  the  prairie  on  the  west,  while 
its  highest  point,  Heart  hill,  is  some  TOO  feet  above  the  plain 
eastward,  f 

If  any  of  these  morainic  depoaita  northward  from  the  head  of 
the  Coteau  des  Prairies  were  accumulated  at  the  same  time  with 
the  outer  terminal  moraine,  which  crosses  southwestern  Minneso- 
ta, they  must  be  of  medial  origin,  having  been  heaped  where  con- 
verging ice-currents  were  pushed  against  each  other  from  the 
northeast  and  northwest,  belonging  to  two  vast  lobes  of  the  ice- 
sheet.  The  U-shaped  moraine  gathered  at  the  margin  of  that 
which  lay  on  the  east,  has  been  already  described.  It  reaches  from 
the  head  of  the  Got«au  and  from  the  Leaf  hills  south  to  central 
lows.  The  contemporaneoas  terminal  moraine  that  marks  the 
border  of  the  second  of  these  ice-Iobea,  lying  on  the  west,  extends 
from  the  head  of  the  Coteau  des  Prairies  about  150  miles  south- 
ward on  the  west  side  of  the  Big  Sioux  river,  then  bends  west 
across  the  lower  part  of  the  James  river,  and  beyond  turns  to  the 
north-northwest  and  northwest,  crossing  Batota  diagonally  be- 
tween the  James  and  Souris  rivers  on  the  east  and  the  Missouri 
river  on  the  west,  where  it  forms  the  conspicuous  belts  of  knolly 
and  hilly  drift  of  the  Coteau  du  Missouri. 

THE  TERUiNAL  KOKAINE  FROM  THE  HEAD   OF  THE  COTEAU  DS8  PKAI- 
RIE6  TO  THE  OOTEAU  DU  MISSOURI, 

The  course  of  the  moraine  accumulated  at  the  east  border  of  this 

western  lobe  of  the  ice-sheet  has  been  mapped  for  me  in  Codington 

*R<p<irt  upon  tht  Svrrcu  af  tft<  Bounian  ot  theJJniUd  Statet  from  tilt  Lalic  of  Ihc 
W<iiiatU>UitBntlivM«unlain3  \9lf:  p.f^      JT.  .  «£ 

tUlaiTi  Rtpoi  t  i/S  tItcAf slBiholne  and  Sathattbacan  Exploritifi  Eipedittan:  Tnrtiitn  : 
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and  Hamlin  connties  by  Mr,  C.  C.  Wiley,  land  agent  at  Water- 
town,  Dakota.  He  describes  the  formation  in  these  connties  as 
aveniging  about  one  mile  in  width,  its  material  being  till  with 
abundant  boulders,  and  its  surface  broken  with  many  short  ridges 
and  hillocks,  very  irregular  in  their  arrangement  and  variable  in 
height,  the  most  conspicuous  being  about  100  feet  above  the  ad- 
joining country.  In  genera!  features  this  belt  of  hilly  drift  west 
of  the  Big  Sious  is  stated  to  be  nearly  the  same  with  the  morain- 
ic  belts,  which  are  crossed  in  Deuel  and  Grant  counties,  in  going 
from  Watertowu  east  to  Canby,  or  northeast  to  Big  Stone  City  and 
Ortonville.  The  peculiar  knolls  and  small  hills  ot  these  moraines 
are'iilniost  universally  called  "coteaus;"  ajid  the  belts  occupied  by 
thcui  are  very  noticeable  and  unmistakable  because  of  their  rough 
topography  and  inferior  agricultural  value,  in  comparison  with  the 
smoothly  undulating  sheet  of  till  which  covers  the  remainder  and 
much  lai^r  part  of  this  region.  Mr.  Wiley  reports  that  this  mo- 
raine  enters  Codington  county  from  the  Sisseton  and  Warpeton 
reservation  at  the  north,  in  the  west  edge  of  T.  119,  R.  5S,  passing 
Indian  lake,  rising  most  prominently  at  the  west  side  of  section 
31  of  this  township,  and  continuing  two  miles  farther  to  the  lake 
at  the  south  side  of  Sec.  7.  T.  118.  B.  53.  Through  the  next  three 
or  four  miles  this  formation  is  inconspicuous,  but  regains  its  usual 
rough  contour  in  Sees,  35  and  36  of  T.  118,  R.  54,  and  thence  ex- 
tends with  a  course  a  little  east  of  south  to  the  west  ends  of  Lake 
Kampeska  and  Pelican  lake,  and  thence  south  3^  miles  to  the  north 
line  of  Hamlin  county.  Its  highest  elevations  occur  is  Sec.  13,  T. 
117,  R.  54,  one  to  two  miles  north  of  the  west  end  of  Lake  Kam- 
peska; south  of  this  lake,  in  Sees.  5  and  6,  T.  116,  R.  53,  lying  six 
miles  west  of  Watertown, and  in  the  S.E-i  of  Sec.  19  of  the  same 
township.  From  Sec.  13,  T.  117,  R.  54.  a  branch  series  of  the 
drift  hills  extends  three  miles  west  and  then  seven  miles  northwest, 
bordered  by  several  lakes  on  each  side  and  ending  in  Sees.  26  and 
23,  T.  118,  R.  55,  at  the  west  side  of  the  largest  of  these  lakes. 
The  road  from  Watertown  to  the  James  river  follows  nearly  the 
course  of  this  range,  which  may  be  a  medial  moraine.  In  Ham- 
lin  county  the  course  of  this  formation  is  first  southeast  through 
Sees.  4,  10  and  14,  T.  115,  R.  53,  then  south  from  section  23  of 
this  township  to  Sec.  26,  T.  114,  R.  53,  next  south-southwest  about 
three  miles,  and  lastly  south-southeast  five  miles,  lying  at  the  cast 
side  of  three  lakes,  in  T.  113,  R.  53,  and  reaching  the  county  line 
at  the  southeast  corner  of  this  township,  at  the  southwest  end  of 
Luke  Poinsett. 
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Southward  tlie  peculiar  "coteaus''  of  this  formation  continue,  as 
described  to  me  by  various  travelers,  in  a  course  a  little  to  the  aast 
of  south  about  40  miles,  with  a  width  of  from  two  to  five  miles, 
passing  a  few  miles  east  of  Nordland  in  southwestern  Brookings 
county,  through  the  northeastern  border  of  Lake  county,  and  into 
southwestern  Moody  county.  Thence  the  series  appears  to  bend 
southwest  and  west  through  the  northwest  edge  of  Minnehaha 
county.  A  range  of  these  drift  hills  which  is  reported  in  T.  106, 
R.  55,  at  the  west  side  of  Late  county,  is  probably  of  medial  ori- 
gin. Of  the  farther  course  of  this  moraine,  perhaps  south  through 
McCook  and  Turner  counties  and  the  north  part  of  Yankton  coun- 
ty, no  definite  information  has  been  obtained. 

THE   COTBAU    DU   MISSOCRI. 

At  the  west  side  of  this  great  lobe  of  the  ice-sheet,  its  terminal 
deposits  conatituie  the  most  broken  portion  of  the  Coteau  du  Mis- 
souri, generally  forming  its  line  of  watershed.  A  second  mora  in  ic 
belt  appears  also  to  be  described  30  or  40  miles  further  west,  lying 
at  a  distance  of  ten  miles,  more  or  less,  east  from  the  Missouri  riv- 
er. A  part  of  this  formation  extending  about  twenty  miles  north- 
northwesterly  in  northern  Aurora  county  and  southeastern  Hand 
county,  lying  about  30  miles  west  of  Huron,  has  been  named  the 
Wesington  hills. 

Nicollet  crossed  the  Coteau  du  Missouri  in  a  northeast  direction 
from  Fort  Pierre  to  the  James  river  near  the  south  line  of  Brown 
county,  about  west  of  Ortonville,  On  this  route,  within  a  few 
miles  from  the  Missouri,  its  bluffs  rise  about  500  feet,  attaining  a 
height  between  1900  and  2000  feet  above  thesea.  The  upper  por- 
tion of  these  hluSa  and  the  surface  thence  all  the  way  to  the 
James  river,  is  reported  to  be'  drift.  About  15  miles  east  of  Fort 
Pierre,  in  the  vicinity  of  East  Medicine  Knoll  creek,  a  morainic 
area  appears  to  have  been  crossed,  respecting  which  Nicollet  writes: 
"It  is  to  be  remarked  of  the  prairies  of  this  region,  that  they  pre- 
sent low,  insulated  hillocks,  to  which  the  Sioux  apply  the  some- 
what generic  name  of  re  or  pafiah,  according  na  they  are  more  or 
less  elevated  above  the  surrounding  plain 

Before  quitting  the  forks  of  East  Medicine  river  we  had  made  an 
ample  supply  of  water  and  wood;  a  necessary  precaution,  for  soon 
every  appearance  of  running  water  disappeared.  The  green  plains 
regain  their  uniformity,  bounded  only  by  the  horizon,  and  present- 
ing a  smooth  surface,  without  one  sprig  of  grass  higher  than  nn- 
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other.  The  deep  furroivs  made  by  the  buffaloes  in  their  migrat- 
ing ezcuraions  from  north  to  south  and  from  south  to  Dorth.  arc 
the  only  irregularities  of  the  surface.  However,  as  the  direction 
of  our  route  is  towards  the  eastern  border  of  the  plateau,  we  could 
not  help  remarking  that  there  the  undulations  of  the  prairie  are 
ishorter,  their  intervals  deeper,  and  finally  swell  into  hills  of  80  to 
100  feet  in  elevation.  We  had  then  reached  the  dividing  ridge  be- 
tween the  waters  that  empty  into  the  Missouri  and  those  that  flow 
into  the  river  Jacques"  [near  the  northwest  comer  of  Hand  coun- 
ty, 40  miles  northeast  from  the  knolly  tract  first  crossed].  "The 
mean  elevation  of  this  ridge  above  the  sea,  is  2,100  feet,  and 
goes  to  2,200  feet,  if  the  mean  height  of  the  hillocks  formed  of  the 

erratic  deposit  be  taken  into  the  estimate A  few 

miles  farther  east  we  reached  the  extreme  verge  of  the  eastern 
limit  of  the  Coteau  du  Missouri,  whence  a  moat  magnificent  spec- 
tacle presents  itself,  extending  over  the  immense  hydrographical 

basin  of  theTchan-sansan,  or  river  Jacques  [James"!, 

The  basin  of  the  river  Jacques  between  the  two  coteauu"  [in  lati- 
tude 45°  15',  near  the  south  line  of  Brown  county]  "may  be  laid 
down  as  having  a  breadth  of  80  miles,  sloping  gradually  down 
from  an  elevation  of  700  to  750  feet,"* 

Prof.  Cyrus  Thomas  descnbes  the  Coteau  des  Prairies  as  divided 
southward  into  two  arms,  of  which  the  western  "encroaches  close 
upon  the  James  river  valley,  about  latitude  44*  15',  where  it  ends; 
the  other  arm  reaches  southeast,  passing  down  on  the  east  side  of 
the  headwaters  of  Big  Sioux  and  gradually  fades  out  in  the  south- 
west corner  of  Minnesota The  other  plateau  is  the 

Coteau  of  the  Missouri.  This  hugs  the  valley,  and  follows  the 
course  of  the  Missouri  northward  from  Fort  Sully"  [15  miles  below 
the  mouth  of  the  Cheyenne  river]  "to  the  great  bend  of  the  river 
near  the  mouth  of  the  Yellowstone.  Here  it  recedes  and  extends 
in  a  northwest  direction  into  British  Possessions,  where  it  gradu- 
ally fades  out  and  is  lost.  It  varies  in  width  from  thirty  to  fifty 
miles,  and  in  height  from  1,800  to  2,200  feet  above  the  sea;  but 
the  surface  is  more  irregular  than  that  of  the  other  coteau,  portions 
of  it  rising  as  much  as  200  feet  above  the  general  average.  The 
general  elevation  corresponds  very  closely  with  that  of  the  Coteau 
des  Prairies,  showing  very  clearly  some  relation  between  the  two. 
On  each  are  numerous  small  lakes,  mostly  impregnated,  more  or 
less,  with  saline  matter,  and  at  many  points  on  each,  boulders  are 
quite  plenty."  f 

•Kl«ul]?t'a  Report  on  the  Upper  MUabnlppi,  1M3,  pu.  44—48. 
tlT.  S.  QeoL  Survey  of  tlie  ferrUoi  y.  iSTi,  |i.  291. 
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Dr.  F.  v.  HaydeQ  writes  or  the  drift  deposits,  evidently  e 
-which  cover  portions  of  southeastern  Dakota,  and  of  the 
<joteau  du  Missouri,  as  follows:  "North  of  the  Missouri  river, 
from  the  Big  Sioux  river  to  Fort  Clark"  [40  miles  north  of  Bis- 
marck], "there  are  districts  where  one  might  walk  for  miles  across 
the  plains  and  over  the  hills,  without  stepping  upon  the  ground, 
so  closelj  paved  is  it  with  worn  or  partially  worn  boulders."* 

On  the  line  of  the  Northern  Pacific  railroad  the  Coteau  dn  Mb- 
souri  is  composed  of  till  with  frequent  boulders,  and  has  a  rolling 
surface  with  many  lakes,  but  does  not  rise  iu  prominent  hills.  Its 
height  is  from  1800  to  1900  feet  above  the  sea,  the  James  river  on 
the  eaat  being  1400,  and  the  Missouri  river  on  the  west,  1650. 

Gov.  Isaac  I.  Stevens  traversed  the  Coteau  du  Missouri  from  the 
west  side  of  the  loop  of  the  Souris  or  Mouse  river  in  Dakota  west- 
erly to  Fort  Union  at  the  mouth  of  the  Yellowstone  and  west  line 
of  this  territory.  "The  distance  from  Mouse  river  to  Fort  Union, 
aa  traveled,  was  118J  miles.  The  route  crosses  the  Grand  Coteau, 
a  collection  of  high,  stony  and  barren  knolls,  with  great  numbers 
of  email  ponds  lodged  between  the  hills The  gen- 
eral elevation  is  between  S,000  and  2,500  feet,  and  it  descends 

again  at  the  Missouri  (Fort  Union)  2,019  feet ; . . .   The 

plateau  between  |the  Missouri  and  Mouse  river,  cannot  be  called 
simply  a  rolling  prairie,  though  in  detail  resembling  the  hilly  prai- 
ries noticed,  although  in  a  very  exaggerated  degree,  having  a 
general  similarity  of  outlines,  an  absence  of  wood  and  rocke  in 
place,  boulders  plentiful,  ponds  and  marshes,  if  possible,  more  fre- 
quent; but  the  elevations  are  so  much  greater  as  to  form  consider- 
able hills  and  ridges  several  hundred  feet  high,  which  become  still 
more  rugged  on  the  approach  to  Fort  Union,  where  they  end 
abruptly  on  the  level  intervale  of  the  Missouri."! 

Mr.  George  M.  Dawsan,  geologist  of  the  British  Boundary  Com- 
mission for  establishing  the  line  between  the  United  States  and 
British  America  from  Lake  of  the  Woods  to  the  Rocky  Mountains, 
gives  an  admirable  description  of  this  belt  of  roughly  hilly  drifts, 
-where  it  passes  beyond  our  national  limits  at  the  northwest  comer 
of  Dakota,  120  west  of  Turtle  Mountain.  "The  Missouri  Coteau 
is  one  of  the  moat  important  features  of  the  western  plains,  and  is 
certainly  the  most  remarkable  monument  of  the  glacial  period  now 
«xi'jting  there.     I  have  had  the  opportunity  of  examining  more  or 

tReiHirl  of  sBniB,  1870,  p.  114.  Tliese  ciuotatlons  are  cited  by  Mr.  G.  M.  Dawson,  In  ton- 
nectlon  with  his  dewiiptlon  of  tlie  Coteau  du  Uissourl  Inlbe  vicinity  of  tbe4Blh  iiuiiillel 

■ileuorl*  or  Erpbirn'Kins  awtaanvtiifora  HaitnxUt  from  tlie  Munellppt  Bittr  (u  Ihi 
Partjld  Ocean  DMik  ID  ISI»-S:i  1B60,  Vol.  xii,  Book  I.  pp.  MandBe. 
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iess  carefully  that  portion  of  it  which  crosses  the  forty-niirih  par- 
allel, northwestward  for  a  length  of  about  100  miles.  On  the- 
parallel,  the  breadth  of  the  Coteau,  measured  at  right  angles  to  its 
general  course,  is  about  30  miles;  and  it  widens  somewhat  north- 
ward. On  approaching  its  base,  which  is  always  well  defined  at  a 
distance,  a  gravel  ascent  is  made,  amounting  in  a  distance  o£  25 
miles  to  over  150  feet.  The  surface  at  the  same  time  becomes 
more  remarkably  undulating,  as  on  nearing  Turtle  Mountain  front 
the  east,  till  almost  before  one  is  aware  of  the  change,  the  trail  is 
winding  among  a  confusion  of  abruptly  roanded  and  tumultiiouB 
hills.  They  consist  entirely  of  drift  material;  and  many  of  them 
seem  to  be  formed  almost  altogether  of  boulders  and  gravel,  the- 
finer  matter  having  been  to  a  great  extent  washed  down  into  the 
hollows  and  basin-like  valleys  without  outlets  with  which  this  dis- 
trict abounds.  The  ridges  and  valleys  have  in  general  no  very 
determined  (direction;  but  a  slight  tendency  to  arrangement  in 

north  and  south  lines  was  observable  in  some  places Taking 

the  difference  of  level  between  the  last  Tertiary  rocks  seen  near 
the  eastern  base  of  the  Coteau,  and  those  first  found  on  its  western 
side,  a  distance  of  about  70  milen,  we  find  a  rise  of  600  feet  . .  -  - 
On  and  against  this  gently  inclined  plane  the  immense  drift  depos- 
its of  the  Coteau  hills  are  piled.  The  average  elevation  of  the 
Coteau  above  the  sea,  near  the  forty-ninth  parallel,  is  about  2,000 
feet;  and  few  of  the  hills  rise  more  than  100  feet  above  the  gen- 
eral level From  what  I  can  learn  of  this  region  it  would 

appear  that  the  so-called  Coteau  des  Prairies  and  Coteau  de  Mis- 
souri, between  which  a  distinction  is  made  on  the  maps,  are  parts 
of  the  same  great  feature.  Their  elevation  is  similar,  and  nearly 
the  same  as  that  of  the  Coteau  on  the  line;  and  they  are  equally 
characterized  by  the  immense  profusion  of  erratics  with  which 
they  are  strewn,  and  by  basin-like  swamps  and  lakes.  The  Coteaa 
des  Prairies,  however,  stretches  furthest,  and  dies  away  only  in 
the  southwestern  corner  of  Minnesota.  In  the  Coteau,  then,  we 
have  a  natural  feature  of  the  first  magnitude,  a  mass  of  glacial 
debris  and  traveled  blocks,  with  an  average  breadth  of  perhaps  30 
to  40  miles,  and  extending  diagonally  across  the  central  region  of 
the  continent  for  a  distance  of  about  800  miles." 

In  British  America,  between  the  49th  and  50th  parallels,  a  plateatx 
of  Tertiary  strata,  higher  than  these  drift  deposits,  rises  at  their 
southwest  side,  its  slope  near  the  border  of  the  Coteau  being  chai^ 
acterized  by  lakes  or  chains  of  lakes,  which  "have  a  winding  river- 
like  form,  and  fill  steep-sided  valleys.     These  great  old  valleys  have 
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now  no  outlet;  thej  are  evidently  of  preglacial  age,  and  have 
formed  a  part  of  the  former  scnlptare  of  the  country.  The  heaping- 
of  the  great  mass  of  debris  of  the  Coteau  against  the  foot  of  the 
Tertiary  plateau  has  blocked  them  up  and  prevented  the  waters  from 
finding  their  way  northward  as  before  ;  and  since  glacial  times  the- 
rainfall  of  the  district  has  never  been  sufBciently  great  in  proportion 
to  the  evaporation  to  enable  the  streams  to  cut  through  the  barrier 
thu^  formed.  The  existence  of  these  old  valleys,  and  the  arrange- 
ment of  the  drift  deposits  with  regard  to  them,  throw  important 
light  on  the  former  history  of  the  plains.  Northward  the  Coteau 
ceases  to  be  identified  with  the  Tertiary  plateau,  and  reato  on  a 
slope  of  Cretaceous  rocks.  It  can  be  followed  by  Palliser'a  and 
Hector's  descriptions  of  the  country  to  the  elbow  of  the  South 
Saskatchewan,  and  thence  in  a  line  nearly  due  north  through  the 
Eagle  and  Thickwood  hills"  [the  former  lying  at  the  west  side  of 
the  Soath  Saskatchewan  below  its  elbow,  and  the  latter  north  of 
the  North  Saskatchewan,  about  75  miles  west  of  the  junction  of 
these  rivers  and  300  miles  west  of  Lake  Winnipeg];  ''beyond  the 
North  Saskatchewan,  however,  it  appears  to  become  more  broken 
and  less  definite.  In  Dr.  Hector's  description  of  certain  great 
valleys  without  outlet  in  this  northern  region,  I  believe  I  can, 
recognize  there  too  the  existence  of  old  blocked-up  river-courses- 
similar  to  those  just  described."* 

It  appears  that  north  of  latitude  50°  this  formation  consists,  as 
in  Freeborn  county  and  upon  the  Coteau  des  Prairies  in  south- 
western Minnesota,  of  two  nearly  parallel  ranges  or  belts  of  knolly 
and  hilly  drift.  Besides  this  series  of  drift  hills  of  Dawson's  re- 
port and  map,  west  of  the  South  Saskatchewan  river,  or  South 
Branch,  between  its  elbow  and  its  confluence  with  the  North 
Branch,  another  morainic  belt  occurs  at  its  east  side  along  this 
distance,  of  which  Prof.  H,  Y.  Hind  writes  as  follows :  "A  con- 
tinuation or  spur  of  the  Grand  Coteau  comes  on  the  Qu'Appelle 
river  at  the  height  of  land  about  18  miles  [east,  southeast]  from 
the  elbow  of  the  South  Branch.     Here  it  is  called  the  '  Eyebrow 

Hill  Range '  by  the  Crees The  South  Branch  flows  for 

fully  200  miles  from  the  elbow  at  the  foot  of  this  continuation 
of  the  Eyebrow  Hill  Range,  in  a  northerly  direction,  and  its  deep 
excavated  valley  appears  to  lie  at  an  average  distance  of  twelve 
miles  from  it.  This  range  is  cut  hy  several  narrow  deep  valleys  ; 
and  from  the  small  lakes  or  ponds  which  occupy  their  summits, 

■G.  M.Dawson,  In  Qumierlu  Journal  Otol.  Six.  Jot  Sov.,  IWB,  vol.  Jiiil.  pp.  S14— fflSf 
and  mote  futly  In  Rep.  on  Otol.  on  the  Forty-ninth  Parallel.  18IS.  pp.  22T— 337. 
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water,  during  spring  freshets,  Bows   to  the   Saskatchewan  and 

Assiniboine It  appears  to  terminate  suddenly  in  the  form 

of  an  isolated  hill  about  400  feet  above  the  plain,  called  'The 
Lumpy  hill  of  the  Woods.' Prom  its  summit  an  undu- 
lating open  country,  dotted  with  lakes  and  flanked  by  the  Birch 
hills  is  visible  towards  the  east.  South  and  southwest  is  a  lake 
region,  also  north  and  northeast.  These  lakes  are  numerous  and 
large,  often  three  miles  long  and  two  broad.  Seventeen  large  lakes 
can  be  counted  from  the  Lumpy  Hill ;  hill  ranges  in  several  direc- 
tions can  also  be  discerned.  The  most  important  of  these  are  the 
Bloody  hills,  the  Woody  hills,  far  in  the  prairie  west  of  the  South 
Branch,  and  the  chain  of  the  Birch  hills  running  from  the  Lumpy 

hill  [north-jeaaterly This   eminence  consists   of  drift 

eand  and  clay,  with  boulders  on  its  sammit."* 

The  origin  of  the  morainic  rajige  of  the  Touchwood  hills,  briefly 
described  on  a  preceding  page,  seems  very  probably  to  have  been 
as  a  medial  branch  about  ISO  miles  in  length,  diverging  north- 
easterly from  the  Coteau  du  Missouri  at  about  40  miles  south  of 
the  Eyebrow  hiil  and  the  head  of  the  Qu'Appelle  river.  Twenty- 
five  miles  east-southeast  from  the  Eyebrow  hill,  the  Qu'Appelle 
intersects  thb  belt  of  drift  hills  at  the  head  of  Buffalo  Pound  Hill 
lake.  Prof.  Hind  says:  "The  whole  country  here  assumed  a  dif- 
ferent appearance;  it  now  bore  resemblance  to  a  stormy  sea  sud- 
denly become  rigid;  the  hills  were  of  gravel  and  very  abrupt,  but 
none  exceeded  100  feet  in  height.  TheGoteau  du  Missouri  ie  clear- 
ly seen  from  Buffalo  Pond  Hill  towards  the  south,  while  north- 
easterly the  Last  Mountain  of  the  Touchwood  Hill  range  looms 
^ay  or  blue  in  the  distance.  Between  these  distant  ranges  a  tree- 
less plain  intervenes,  "t 

THE  BLUE  HILLS  AXD   THE  UESABI  RAXOE. 

The  Blue  hills  of  the  Souris,  extending  75  miles  east  froA  the 
■northwest  side  of  the  Souris  or  Mouse  river  near  its  mouth,  about 
80  miles  north  of  Turtle  Mountain,  to  the  escarpment  called  Pem- 
bina mountain,  which  forms  the  west  boundary  of  the  plain  of  the 
Ked  river  valley,  appear  to  be  part  of  a  terminal  moraine,  accumu- 
lated at  the  front  of  the  ice-sheet  during  a  halt  in  its  retreat,  per- 
haps attended  by  some  readvance,  long  after  it  had  withdrawn 
from  the  Coteau  of  the  Missouri  and  the  Coteau  of  the  Prairies, 

•  ReparlaflhcAtslnlboln'.andSaelaUelieuianEiiiloriTig  ExpedUion,  isbb;  pp.2T.!S,6T 

TSanie  report,  p.  as. 
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The  Mesabi  rauge  of  drift  hills  in  northern  Minnesota,'  reaching 
from  Winnebigoshish  and  Bowstring  lakes  easterly  to  the  sources 
the  St.  Louis  and  Vermilion  rivers,  and  thence  east-northeast  up- 
on a  region  which  has  frequent  exposures  of  the  bed-rocks,  some- 
times in  more  conspicuous  hills  than  those  of  the  drift,  is  believed 
to  be  another  part  of  the  terminal  moraine.  The  topographic  fea- 
tures of  these  series  of  drift  deposits  indicate  this  origin;  and  their 
geographic  position  makes  it  probable  that  they  are  contemporane- 
ous with  each  other,  and  certain  that  they  are  more  recent  than 
the  terminal  moraine  which  extends  from  the  coteau  to  Mineral 
Ridge  in  Iowa,  thence  northward  to  the  Leaf  hills  in  Minnesota, 
and  from  there  east  and  southeast  t«  the  Kettle  Range  in  Wiscon- 
sin. Professor  Hind  states  that  the  Blue  hills  of  the  Souris  are 
composed  of  drift  derived  chiefly  from'  the  Cretaceous  rocks  which 
underlie  that  region,  and  their  height  is  marked  on  his  map  as 
from  50  to  50D  feet,  the  valley  that  the  Souris  has  cut  through  the 
range  being  350  feet  high. 

MODIFIED  DRIFT   AND  LOESS. 

When  the  ice-sheet  extended  to  the  Coteau  du  Missouri,  the 
Coteau  des  Prairies,  and  the  Kettle  moraine,  the  floods  formed  by 
its  summer  meltings  were  carried  southward  by  the  present  avenues 
of  driunage,  the  streams  which  occupied  the  areas  between  its  great 
lobes  in  order  from  west  to  east  being  the  Big  Sioux,  Mississippi^ 
and  Wisconsin  rivers.  The  vast  glaciers  which  were  gathered  up- 
on the  Rocky  mountains,  and  the  ice-fields  which  sloped  down- 
wards to  their  termination  at  the  coteaus  and  the  moraine  north 
and  east  in  Minnesota  and  Wisconsin,  supplied  every  summer  im- 
mense floods  laden  with  silt,  sand,  and  gravel,  that  had  been  con- 
tained in  the  melting  ice.  Very  extensive  deposits  of  modified 
drift  were  thus  spread  along  the  course  of  the  swollen  Missouri 
and  Mississippi.  The  Urange  sand  and  gravel,  described  by  Prof. 
E.  W.  Hily^  and  others  in  the  lower  Mississippi  valley,  appear 
to  have  been  deposited  in  this  way,  but  during  the  earlier  glacial 
epoch  when  an  ice-sheet  reached  in  Dakota  beyond  the  Missouri 
river  to  a  termination  40  miles  west  and  20  miles  southwest  of 
Bismarck,t  into  northeastern  Kansas,  half  way  across  the  State  of 
Missouri,  and  nearly  to  the  Ohio  river. 

In  the  closing  stages  of  this  epoch  and  during  the  time  succeed- 
ing till  the  date  of  the  terminal  moraine  of  the  Coteaus  and  especial- 

*SevenCb  An.  Rept.  Geol,  nnd  Nat.  Hist,  flurtey  of  Minn.  foT  ISTS,  p.  IS  ;  and  Col.C. 
WbltUesey'!!  Report  on  Mineral  Beglnns  of  Minnesota,  1H66  .pp.  8  and  44. 

tProf.  K.  H.  WluoheU'aKepoMloCapt.  Ludiov,  on  Oeiiliiav  of  tJyeBlacHHilUt^  Dako- 
ta, 1STS  ;  pp.  22  and  60, 
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Ij  at  J^he  final  retreat  of  the  ice-sheet  of  this  later  epoch,  the  deposi- 
tion of  the  overlying,  finely  pulverized,  arenaceous  and  calcareous 
silt,  called  the  Bluff  formation  or  Loess,  took  place.  This  covers 
considerable  areas  along  the  Mississippi  from  southeastern  Minne* 
aota  to  its  mouth;  but  its  greatest  thickness  and  extent  are  found 
in  the  basin  of  the  Missouri  river  from  southern  Dakota  to  its  junc- 
tion with  the  Mississippi,  and  upon  the  region  crossed  by  the 
Platte  or  Nebraska  river,  its  longest  tributary  from  the  west, 
which  takes  its  headwaters  from  a  large  district  of  the  Rocky 
mountains.  The  continuity  of  this  formation  from  the  borders  of 
the  ice-sheet  and  the  glaciers  of  the  Rocky  mountains  to  the  shores 
of  the  Qulf  of  Mexico,  the  absence  from  it  of  marine  shells,  and 
the  presence  of  land  and  fresh  water  shells,  indicate  that  its  deposi- 
tion was  by  slowly  descending  floods,  uplifted  upon  the  surface  of 
this  sediment  which  was  being  accumulated  during  every  summer 
through  a  long  epoch,  in  the  same  manner  that  alluvium  is  now 
spread  upon  the  bottom  lands  of  our  rivers  at  their  times  of  over- 
flow. The  occurrence  of  the  loess  in  Guthrie,  Carroll,  Sac,  and 
Buena  Yista  counties  in  Iowa,  covering  the  region  next  west  of 
the  terminal  moraine,  with  its  surface  50  feet  above  these  drift 
hills  and  100  feet  above  the  undulating  area  uf  till  adjoining  their 
east  side,  proves  that  during  the  time  of  deposition  of  this  part  of 
the  loess  the  ice-sheet  extended  to  this  limit  and  was  a  barrier  pre- 
venting the  waters  by  which  this  sediment  was  brought  from  flow- 
ing over  the  lower  area  of  till  that  reached  thence  east  to  the  Des 
Moines  river.  When  the  the  ice-sheet  retreated  beyond  the  water- 
shed of  the  Missouri  basin,  the  principal  source  of  these  floods  and 
their  sediment  was  removed,  and  the  subsequent  work  of  the  rivers 
which  cross  the  area  of  the  ioesa  has  been  to  excavate  their  present 
valleys  or  channels,  bounded  by  blufis  of  this  formation. 

RECBBSIOK  OP  THE  1CE-8HEET. 

The  departure  of  the  ice-sheet  appears  to  have  taken  place  by 
melting  which  affected  large  areas  of  its  surface,  causing  the  ice  to 
disappear  from  wide  districts  without  leaving  upon  them  any  de- 
posits pushed  out  at  its  border  or  accumulated  at  lines  where 
opposing  ice-currents  met.  Anon  a  colder  epoch  causes  the  thick- 
ness nnd  extent  of  the  ice-fields  to  increase  again,  and  another  ter- 
minal moraine  is  formed  at  its  margin.  In  Minnesota,  Iowa, 
Dakota  and  British  America,  the  first  halt  or  readvance  is  marked 
by  the  inner  morainic  series  which  appears  east  of  the  South 
Saskatchewan;  in  the  east  belt  of  drift-hills  upon  the  Goteau  of 


D.gitizecbyG00glc 


SIATE  GEOLOGIST.  339 

the  Missouri;  and,  as  traced  bj  the  writer,  on  the  Coteau  of  the 
Prairies  from  Grant  county  in  Dakota,  through  aouthwestem 
Minaeeota,  and  at  least  to  the  south  line  of  Palo  Alto  county  in 
Iowa,  and  on  the  east  side  of  this  lobe  of  ice-sheet  from  Rice 
county  in  Minnesota,  southward  through  Waseca,  Steele  and 
Freeborn  counties  in  this  State,  and  Winnebago,  Hancock  and 
Wright  counties  in  Iowa.  This  inner  moraine  is  from  two  to 
twenty-five  miles  distant  from  the  outer  approximately  parallel 
moraine.  The  courses  of  drainage  which  were  now  taken  by  the 
waters  that  flowed  from  the  ice-border  were  nearly  identical  with 
those  of  the  present  time  on  the  east  side  of  the  great  ice-lobe 
which  reached  from  Minnesota  to  central  Iowa.  On  its  west  side 
the  drainage  from  the  Coteau  des  Prairies,  between  the  morainic 
belts,  including  the  sources  of  the  Des  Moines  river  in  Murray 
county,  and  the  waters  of  Heron  lake  and  its  tributaries,  went 
southward  by  the  Little  Sioux  to  the  Missouri  rirer,  instead  of  go- 
ing southeast,  as  now,  by  the  Des  Moines  to  the  Mississippi.  Thence 
northwest  to  the  British  Possessions,  there  was  an  unobstructed 
descending  slope  southward  from  the  margin  of  the  ice-fields;  bnt 
a  lake  filled  the  valley  of  the  South  Saskatchewan,  west  of  the  Eye- 
brow Hill  range  and  the  Lumpy  Hill  of  the  Woods,*  because  in 
the  direction  of  descent  of  tUs  valley  the  ice-sheet  was  a  bar- 
rier. The  outflow  of  this  lake  where  the  ice-sheet  terminated  at 
the  Eyebrow  Hill  range  and  the  inner  morainic  belt  of  the  Co- 
teaus,  was  doubtless  southward  to  the  Missouri. 

Again  a  more  genial  climate  prevails,  and  when  it  is  next  inter- 
rupted by  a  cold  epoch  and  the  formation  of  another  conspicuous 
series  of  drift-hills,  the  outlines  of  the  ice-sheet  are  greatly  chang- 
ed.  From  southeast  Dakota  its  border  has  receded  to  the  north 
400  miles,  and  lies  beyond  our  national  boundary  at  the  Blue  Hillis 
of  the  Souris.  The  region  through  which  the  Assiniboine  flows, 
and  the  lower  part  of  that  crossed  by  its  tributary,  the  Qu' Appelle> 
were  still  deeply  covered  by  the  ice  which  probably  terminated 
westward  near  the  Last  Mountain  and  Touchwood  bills,  the  Birch 
hills  and  the  junction  of  the  Korth  and  South  Saskatchewan, 
From  central  Iowa  the  ice-front  had  also  retreated  400  miles  to 
the  Mesabi  range  in  northern  Minnesota.  Three-quarters  of  this 
distance  was  the  vast  glacial  tongue  or  lobe  which  stretched  from 
the  Leaf  hills  to  the  vicinity  of  Des  Moines,  bounded  by  a  laud 
surface  on  the  west  to  the  head  of  the  Big  Sioux  river,  and  on  the 

■I'riif.  H   Y.  Ulud's  Rtiiotl  of  tht  SatlnWolm  and  SaKatchaean  E^pbiTlJiQ  Ezptdi- 
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east  to  the  Leaf  hills.  During  the  diaappearance  of  these  vast 
areaa  of  ice,  the  riyers  which  flowed  from  them  were  swollen  to. 
floods  like  the  largest  which,  in  exceptional  years,  accompany  the 
sudden  gielting  of  the  accumulated  snows  of  winter.  These  last 
only  a  few  days,  but  at  the  departure  of  the  ice-sheet  it  is  evident 
that  such  floods  were  prolonged  through  the  entire  summers  of  a 
long  period  of  years.  The  abundant  deposits  of  drift,  both  strati- 
fied and  unstratified,  that  took  place  during  tbe  final  melting  of 
the  ice,  has  been  brought  into  due  prominence  by  Prof.  James  D. 
Dana,  who  denominates  this  the  champlain  period.  Much  of  the 
drift  which  had  been  contained  in  the  glacial  sheet  was  now  drop- 
ped without  being  tran8port«d  or  assorted  by  water,  and  forms  the 
upper  part  of  the  till.  The  remainder  of  this  drift  was  removed 
by  the  streams  that  descended  from  the  surface  of  the  melting  ice- 
fields, and  its  coarser  portions  were  partly  deposited  in  tbe  chan- 
nels of  these  glacial  rivers,  walled  upon  each  side  by  ice,  which 
afterward  melted,  leaving  the  ridges  and  mounds  of  interbedded 
gravel  and  sand  called  Karnes.  These  are  generally  inconspicuous 
in  Minnesota,  and  from  no  long  series  such  as  have  been  described 
in  the  eastern  States.  The  finer  gravel  and  sand  were  mostly 
borne  beyond  the  ice-margin,  and  were  soon  deposited,  often  with 
a  more  or  less  undulating  surface,  sometimes  forming  swells  or  low 
hills,  but  more  generally  in  nearly  flat  plains  of  considerable  ex- 
tent, sloping  a  few  feet  per  mile  in  the  direction  of  the  currentii 
of  the  descending  floods  by  which  they  were  carried.  Such  beds 
of  modified  drift  cover  considerable  portions  of  the  basin  of  the 
upper  Mississippi,  from  Minneapolis  and  Anoka  county  north 
to  the  Northern  Pacific  railroad,  and  to  the  lakes  through  which 
this  river  flows  near  its  source.  Along  this  distance  the  present 
channel  has  been  excavated  from  30  to  75  feet  deep  below  the 
flood-plain  which  was  overspread  during  every  summer  by  the 
waters  supplied  by  glacial  melting  in  this  epoch.  The  finest  silk 
and  clay  were  carried  farthest,  being  partly  deposited  in  spaces  of 
nearly  still  water  along  this  upper  valley,  but  also  adding  lai'gely 
to  the  loess  along  the  whole  extent  of  the  river  below. 

Lakes  were  formed  at  many  places  by  this  great  recession  of  the 
ice^heet,  where  they  have  longsincedisappeared,  either  by  cutting 
their  outlets  so  deep  that  they  were  emptied,  or  by  the  removal  of 
the  ice-sheet  which  during  its  retreat  northward  formed  the  bar- 
rier by  which  they  were  enclosed.  The  most  notable  of  the  first 
class  appears  to  have  occupied  the  valley  of  the  James  river  at 
Jamestown,  until  its  overflows  cut  the  deeply  excavated  channel 
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through  which  this  river  flows  in  southeastern  Lamure  and  Brown 
counties.  Durinf^  the  time  of  this  erosion  the  volume  of  water 
ftowing  here  was  greatly  augmented  by  glacial  melting,  and  cut  a 
deeper  chauoel  than  the  present  diminished  rirer  has  maiutainedr 
the  silt  since  brought  down  by  tributary  streams  having  formed 
dams  by  which  the  river  is  changed  to  a  series  of  long  shallow 
lakes  in  these  counties.  K  lake  of  the  second  class,  held  by  the 
barrier  of  ice,  covered  the  greater  part  of  the  baain  of  the  Blue 
Earth  river  in  Southern  Minnesota,  gradually  extending  north  from 
the  watershed  at  the  south  side  of  this  basin,  until  the  melting  of  the 
ice-sheet  on  the  area  crossed  by  the  Minnesota  river  below  Man- 
kato  allowed  drainage  to  take  its  present  course.  The  extent  of 
this  lake  is  indicated  by  the  very  smooth  and  flat  surface  of  the 
till,  which  is  imperfectly  stratified  in  many  places,  on  the  greater 
part  of  Faribault,  Blue  Earth,  and  southwestern  Waseca  counties. 
Its  outlet  is  found  in  Kossuth  county,  Iowa,  at  the  head  of  the 
most  southern  branch  of  the  Blue  Earth  river,  where  Union  slough 
occupies  a  continuous  channel  from  the  headwaters  of  the  Blue 
Earth  to  Buffalo  creek  and  the  East  Fork  of  the  Des  Moines.  It 
is  stated  that  at  time  of  high  water  an  uninterrupted  canoe  voyage 
has  been  made  by  this  route  from  Algona  on  the  East  Des  Moines 
river  north  to  Blue  Eari^h  City.  This  glacial  channel  is  about 
eight  miles  long,  extending  in  a  southerly  course  ;  and  its  width 
is  from  one-eighth  to  one-fourth  mile,  with  enclosing  blufis  which 
rise  steeply  20  to  30  feet  to  the  general  surface  of  moderately  un- 
dulating till  on  each  side.  Its  bottom  along  the  Union  slough, 
where  its  descent  was  southward,  is  now  mainly  occupied  by  a 
marsh,  because  of  the  partial  lilliDg  up  of  its  continuation  since 
the  ice  age. 

During  the  epoch  in  which  the  ice^heet  was  accumulating  the 
terminal  moraine  of  the  Mesabi  hills  and  the  Blue  Hills  of  the 
Souris  river,  the  lake  in  the  South  Saskatchewan  valley  remianed, 
held  by  the  ice-barrier  on  the  north  ;  but  it  found  a  lower  outlet 
than  before  at  the  divide  between  the  River  that  Turns  and  the 
Qu'Appelle,  12  miles  southeast  from  the  elbow  of  the  South  Sas- 
katchewan. A  little  farther  east  this  outlet  cut  through  the 
Eyebrow  hill  ridge,  but  its  waters  could  not  follow  the  present  en- 
tire course  of  the  Qu'Appelle,  because  the  region  of  its  lower  portion 
and  of  the  Asainiboine  river  were  still  covered  by  the  ice-sheet. 
By  thb  barrier  the  outflow  from  the  Saskatchewan  lake  was  turned 
south  into  the  Sonris  or  Mouse  river,  probably  by  the  Souris  Fork, 
tributary  to  the  Qu'Appelle  about  75  miles  east,  southeast  from 
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the  head  of  this  river  and  near  the  junction  of  its  North  Fork  from 
Long  lake.  The  Souris  river  was  also  turned  by  the  ice-sheet  in  a 
different  course  from  that  which  it  now  takes.  At  the  time  of 
melting  and  retreat  of  the  ice  from  the  Coteaus,  a  lake  covered  the 
smooth,  low  area  through  which  the  loop  of  this  river  ilows  west 
of  the  medial  moraine  of  Turtle  Moimtain,  This  at  first  probably 
found  an  outlet  east  by  the  Big  Coule  and  Sheyenne  river  ;  but 
when  the  ice-border  retired  to  its  terminal  line  at  the  Blue  hills,  i"! 
appears  that  this  lake  was  emptied  by  the  Souris  river,  which  took 
its  course  as  now  north  of  Turtle  Mountain.  It  could  not  con- 
tinue, however,  to  its  present  mouth,  but  was  turned,  probably 
flowing  through  a  lake,  at  the  very  front  of  the  ice-sheet,  and  sent 
its  waters,  including  those  of  the  Saskatchewan  lake,  by  the  avenue 
of  the  Back  Fat  creek  and  lakes,  to  the  Pembina  river.*  A  feature 
which  marks  nearly  every  stream  that  was  thus  the  outlet  of  floods 
supplied  by  glacial  melting,  after  they  had  been  freed  from  the 
greater  part  of  their  sediment  by  flowing  through  a  lake,  is  that 
the  channel  then  excaTat«d  has  been  since  partially  filled  by  the 
silt  of  its  tributaries,  holding  back  the  waters  of  the  present  rivers, 
in  long,  narrow  and  usually  shallow  lakes.  The  Back  Fat  lakes, 
and  Rock  and  Swan  lakes  on  the  Pembina  river,  illustrat«  this  ; 
so,  too.  Lake  Traverse,  Big  Stone  lake  and  Lac  qui  Parle,  in  the 
valley  which  was  the  outlet  of  Lake  Agassiz ;  and,  still  more 
notably,  the  lakes  of  the  Qu'Appelle  river. 

The  description,  map,  and  section  of  the  Qn^Appelle  or  Calling 
river  and  its  bluffs,  given  in  Professor  Hind's  valuable  report,  show 
that  this  valley  is  quite  uniformly  about  one  mile  wide,  and  is  from 
110  to  350  feet  below  the  general  level  of  the  region  through 
which  it  lies,  this  height  being  reached  by  steep  bluifs  on  each  side. 
Its  length,  from  the  elbow  of  the  South  Saskatchewan  to  its  junc- 
tion ^th  the  Assiniboine  ia  268  miles,  the  general  course  being  a 
little  to  the  south  of  east.  Of  this  extent  the  west  end  of  the 
valley  for  12  miles  ia  occupied  by  the  River  that  Turns,  and  the 
remainder  by  the  Qu'Appelle,  the  summit  or  height  of  land  in  this 
■channel  at  the  divide  between  these  rivers  being  85  feet  above  the 
South  Saskatchewan,  and  approxiniat«ly  285  feet  above  the  junc- 
tion of  the  Qu'Appelle  and  Assiniboine  rivers.  The  following 
table  brings  into  view  the  remarkable  topographic  features  of  this 
valley,  which  is  closely  like  that  of  the  Minnesota  river  and  Lake 
Traverse.  Its  alluvial  bottomland  appears  to  be  from  one-half 
anile  to  one  mile  wide,  and  through  it  the  river  flows  in  a  winding 

■HliiiVaRcporf,  pp.  llS!tii<ll«8. 
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course,  here  and  there  passing  through  long  lakes.  The  enclosing 
blu&  are  composed  mainly  ojE  glacialttill,  with  only  a  few  exposures 
of  the  underlying  Cretaceous  rocks  in  this  distmice. 

Section  along  the  valley  of  the  Qu'Appelle  Biver, 


.<».„„. 
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The  east  part  of  this  valley  and  the  Assiniboine  valley  which  it 
joins  were  excavated  after  the  ice-front  had  receded  from  its  ter- 
minal monune  at  the  Mesabi  and  Blue  hills,  but  apparently  before 
its  barrier  was  removed  from  the  northeast  end  of  the  glacial  lake 
in  the  Saskatchewan  valley.  The  otitfiow  of  this  lake,  fed  by  the 
melting  ice-fields  of  an  immense  area,  reaching  west  to  the  glaciers 
of  the  Uocky  Mountains,  now  took  its  course  east  by  this  singular, 
trough-like  channel  o>  valley,  occupied  to-day  by  the  River  that 
Turns  and  the  Qu'Appelle,  entering  the  Assiniboine  at  Fort  £llice, 
and  reaching  the  border  of  Lake  Agassiz  near  the  mouth  of  the 
Souris  river.  The  delta  which  this  stream  brought  into  Lake 
Agassiz  forms  a  large  area  of  sand  hills  and  dunes,  which  extends 
50  miles  along  the  north  side  of  the  Assiniboine  river  next  below 
the  mouth  of  the  Souris.  During  this  time  the  ice-border  lingered 
upon  the  highlands  of  the  Biding  or  Dauphin  Mountain,  Duck 
Mountain,  Porcupine  hill  and  Pas  Mountain  at  the  west  side  of 
Manitoba,  Dauphin  and  Winnipegosis  lakes. 

Step  by  step  we  have  now  followed  the  d^arting  ice-sheet  in  its 
retreat  from  the  terminal  moraine  of  the  Leaf  hills  and  the  Coteau 
des  Prairies.  For  a  time  it  had  paused  at  the  lines  of  the  Mesabi 
imd  Blue  hills;  but  when  this  delta  was  accumulated,  it  had  again 
receded  probably  beyond  the  limits  of  Minnesota.     Lake  Agassiz, 
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held  b;  this  glacial  barrier,  had  gradually  extended  from  the 
height  of  land  in  Traverse  county  at  the  west  side  of  this  state, 
covering  the  flat  valley  of  the  Red  River  of  the  North,  and  reach- 
ing easiat  the  north  side  of  the  state,  beyond  this  basin,  over  a 
considerable  part  of  that  of  the  Lake  of  the  Woodn  and  Rainy 
Lake  river.  With  the  farther  recession  of  the  ice,  the  west  shore 
of  this  glacial  lake  was  extended  along  the  great  terrace  which 
had  been  eroded,  probably  before  the  ice  age,  in  the  Cretaceous 
strata,  forminfj;  Pembina,  Riding  and  Duck  mountains,  Por- 
cupine Hill  and  Pas  Mountain.  These  consist  of  drift  at  their 
summits,  and  apparently  to  a  great  depth,  and  they  form,  wit^ 
the  Lake  of  the  Woods  and  Vermilion  lake,  a  dividing  line  be- 
tween a  region  on  the  southwest,  which  is  distinguished  by  very 
thick  drift  deposits,  averaging  from  100  to  200  feet  in  thickness, 
with  rare  exposures  of  the  older  rocks,  and  a  region  on  the  north- 
east, which  has  a  comparatively  thin  sheet  of  drift,  with  abundant 
outcrops  of  the  bed-rocks.  At  length  the  ice-sheet  was  melted  be- 
tween Lake  Winnipeg  and  Hudson  Bay,  causing  Lake  Agassiz  to 
be  drained  in  that  direction.  At  first,  however,  this  took  place  by 
a  pass  about  90  ^t  higher  than  the  present  outlet  of  this  basin  by 
Nelson  river,  as  shown  by  the  well  marked  beach  ridges  at  this 
height  in  the  valley  of  the  Red  River  and  near  Iiakes  Winnipeg 
and  Manitoba." 

ELBVATIONB. 

The  following  series  of  elevations  have  been  determined  by  rail- 
road surveys  within  the  district  specially  explored  and  described  in 
this  report.  Unless  otherwise  indicated,  they  refer  to  the  track  or 
grade  at  the  depotn,  summits  and  depressions  of  the  railroads;  and 
all  are  stated  in  feet  above  the  level  of  the  sea  at  mean  tide.  They 
are  given  as  they  were  received  or  copied  from  the  records  and  pro- 
files of  these  roads,  and  a  comparison  of  their  points  of  intersec- 
tion, and  of  the  determinations  of  the  height  of  rivere,  shows  that 
they  are  all  quite  near  the  truth.  The  limits  of  error  are  appar- 
ently less  than  ten  feet  for  all,  excepting  the  line  west  (rom  Sa- 
lem in  southeastern  Dakota,  which  is  a  preliminary  survey,  mak- 
ing the  James  river  sonie  twenty  feet  higher  than  the  two  other 
elevations  of  this  river  at  points  farther  north  require. 

Respecting  the  heights  of  the  terminal  and  medial  moraines, 
which  close  this  list,  it  should  be  borne  in  mind  that  these  depos- 
1  Eivtorinii  Expedltton.  pv 
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ita  vary  in  tbeir  elevation  with  the  changes  in  the  general  altitude 
of  the  country  which  they  cross.  In  most  cases,  their  height  is 
stated  for  a  conaiderahle  area,  as  one  or  more  counties;  and  their 
least  and  greatest  elevations  usually  refer  to  different  portions  from 
twenty  to  fifty  miles  apart,  between  which  there  is  commonly  a 
gradual  change  in  height,  the  topography  of  this  region,  excepting 
its  moraines,  heing  remarkably  uniform  and  smooth. 

Haatings  <#  DakoUt  Division,   Chicago.  Milwayikee  dt  St.  Paul  Raiimay. 

Copied  Irom  proBlM  In  the  office  of  Oeoboe  H.  Wbitk,  Bnglneet,  HloDeKpol  la. 

DIsUDceln  Height  la  R. 
miles  trom  btots  the 
Haatbgs.  Sea. 


670.5 

707.5 

79.9 

1035  . 

84.4 

94.1 

1064  . 

102.4 

1031  . 

116.0 

1062  . 

127.2 

1061  . 

134.1 

1061  . 

mssippi 
Hastings  Junctiini  iritli  River  Division. 

Olencoe 

Snmter 

Biownton 

Stewart 

Hector 

Bird  laland 

Olivia 

Ranville 

Sacred  Heart 

Hawk  Creek,  water. . : I39.a 

Hawk  Creek,  bridge 139,3 

Minneeota  Falls 141.2 

Qmnite  Falls 143.3 

Montevideo 156 . 6 

Chippewa  River,  water 156.8 

Wdson 162.9 

Depression,  grade 167.0 

Mikn 171.7 

Summit,  (frade 177.1 

Appleton 179.8 

Ponune  <3e  Terre  Eiver,  water 180 . 1 

CorteU 186.9 

Odessa 194.3 

Ortonville 202.0 

Bie  Stone  Lake,  water 

Lake  Ttaveree,  water 

Milbank  Junction 214.0 

Foot  ot'Coteau  des  Fniiies 222.0 

Summit  of  Coteau  des  Prairies 236-286.5 


Winona  it  St.  Pettr  Divition,  Chicago  tt  Northwestern  Bailieay. 

From  JOBR  E.  Bujin,  Engineer,  Winona. 

Distance  In  Height  In 

miles  tr«m  teel  above 

Winona.  the  Sea. 

Low  water  in  MissiBBippi  Rivet  at  Winona 639.9 

Top  of  rwl  on  draw  bridge -. 670 . 5 

■WiDona. 0.  64«  .... 
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iDlles 

Minnesota  Ci^ 5.9 

Stockton 11.81 

LewiBton » 18.80 

Utica 22.74 

St,  Charles 2e.35 

Dover 32.19 

Eyota 36.87 

Chatfield  Junction 37. 73 

PlainTiew  Jimdion 37.93 

Chester 42.74 

Rocherter 49.26 

B.  &N.  M.  R'y  Junction 50.64 

Olmsted 54.22 

Byron 58.71 

DoAgeCeaiei '/////////.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.','.'.'.'.'.'.'.'.'.'..  69.22 

Clareraont 76.36 

Havana 83.90 

Owatonna 88.17 

Meriden , 96.35 

Waseca 102. 6S 

Janeaville 112.9] 

Eagle  Lake 122.56 

Maukato  Jnnction 127.99 

Mankato 181.00 

Kasota 133.80 

Minnesota  River  1)Tidge 135. 00 

Minnesota  River,  lowaud  high  water 135.00 

Saint  Peter 136.19 

Oshawa. ■. U6.29 

NicoUet 150.88 

CoHrtland 158.56 

Minnesota  River  bridge 162.50 

MinneBOta  Rivei,  high  water 162.50 

New  Dim 165.31 

Siding 169.00 

Sleepy  Eve 179.72 

Redwood  Falls 

Springfield 193. 18 

Sanborn 201 .  56 

Lamberton 208.77 

Walnut  Grove 218.98 

Tracy 226.55 

Amiret 233.65 

Marshall 243.85 

Grand  View ". 250. 75 

Minneola 256 .  52 

Canby 274.03 

Gary 284.62 

AJtamont 297.38 

Goodwin 3(?5.90 

Kranzburg 309.63 

Watertovm 319.10 

Sioux  River,  water. 320,00 

Lake  Eampeska,  water 322.00 


1138  , 
1237  . 
1276  . 
1275  . 
1122  . 


1054  . 
1250  . 
1262  . 


1144  . 
1149  . 
1153  . 


1962  . 
1733  . 
1709  . 
1714  . 


BRAHCH  TO  CHATFIELD. 


Chatfield  Junction.. 


37.73        1275  . 
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DlBtancee  in  Height  lu 
mllM  from  (eet  above 
WInoos.      the  Bea. 


e.     BHANCH  TO 

Plainview  Jonction 97.93 

Dotj' 40.00 

Viota 48.00 

Whitewater  Creek 47.00 

Elgin 48.17 

Plainview 52.93 


1275  . 
1310  . 
1129  . 
1055  . 


d.      BRANCH   TO   ZUICBROTA. 

R.  &  N.  M.  Junction 50.64 

DonarlaM 58.-15 

ZumbTO  River 60 .25 

Zunbro  bridge 60.25 

Oronoco 61.72 

Zumbro  River 6S.20 

Zumbro  bridge 65.20 

Pine  Maud 65.86 

Lena. 70.66 

Forest  Mills 73 .  14 

Ztunbrota 74.56 


1091  . 

966  . 

986  . 
1041  . 


«.     DASOTA  CKNTRAL  RAILWAY. 

Tracy 226. 

Balaton -. . .  239. 

Redwood  River 246. 

Redwood  bridge 246. 

Tyler 253 . 

Lake  Benton 261. 

Verdi : 867. 

Elkton 274. 

Aurora 285. 

Summit,  grade 288. 

Brookings 290 . 

Sioni  River 296. 

Sioui  bridge 296. 

Volga 297. 

Nordland 308. 

Lake  Preston 317. 

DeSmet.. 329, 

Summit,  grade 331 . 

Fairview 338, 

Iroquis 344. 

Oavour 354 . 

James  River ■, 361. 

James  bridge 361 . 

Huron 362 

Hunm  Junction 366. 

Pierre 482. 

Uissonri  rive; .' 482. 


1631  . 
1750  . 
1759  . 
177]  . 

1851  . 


1726  . 
1767  . 
1542  . 
1401  . 
1811  . 


1312  . 
1438  . 
1424  . 
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Southtm  Minnesota  Dieision;    Chicago,  Milteaakee  (t  St.  Paul  Railieag. 
From  Georqb  B.  Woodwobth,  Aesisttuit  Engineer.  La  Crosse. 


Dlsianeen  lo 
mllM  from 
LaCnjBse. 

"b" 

0.7 
3.0 
4.2 
6.2 
11.0 
12.2 
14.0 
18.7 
22.3 

29;9 
54.5 
lii.i 
46.0 
47.5 
48.0 
51.7 
53.6 
59.3 
60.6 
64.7 
66.5 
68.5 
73.6 
80.1 
83.0 
85.2 
89.S 
98.0 
.     102.9 
iOS.l 
107.7 
109.9 
113.8 
117.6 
118.0 
121.5 
124.2 
124.6 
124.7 
128.9 
129.8 
133.5 
135.2 
139.7 
144.4 
144.7 
153.3 
157.1 
158.2 
159.5 
166.1 
166.3 

iheSCB. 
626.3 

Junction  with  EiTer  Diviaion,  went  of  bridge 

6-W  . . . . 

647  .... 
641  .... 

648  .... 

649  .... 
663  .... 
660  .... 
669  .... 
679  .... 
703  .... 
699  .... 
723  .... 
756  .... 
786  .... 
801  ... 
824  ... 
841  ... 
873  ... 
899  .... 

lim  ... 

1259  ... 
1830  ... 
1310  ... 
1367  ... 
1266  ... 
1558  ... 
133?  ... 
1317  ... 
1412  ... 

1271 

1192 

1214  . . . 

1197 

1265 

1270  .. . 
1241  ... 
1248  ... 
126:J  .... 
1206  ... 
1221  ... 
1220  ... 
l.'J23  .... 

1270 

1317  . . . 
1261  .... 
1189  .... 
nw  .... 
1145  .... 

1046  .... 
1077  .... 
1067  .... 

1047  .... 
1096  .... 
1096  .... 

C  C  D.  &  M  Junction. 

Hoot  River  bridge 

Hokah 

Root  River  bridge 

Money  Creek 

Whalan 

Root  River  bridge 

Depreaaion,  grade 

Summit,  grade '. 

Wykoff 

Depreaaion,  grade 

Cedar  river,  water 

o«Ei«.^    '"      

Hayward 

DepresBion,  grade 

WeDB     ... 

Crowing  branch  of  St.  P.  &  S.  C.  R.  R.  Co. 

Winnebago  City 
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DisUuicea  In 
LaCrwse. 

Blue  Earth  river,  water 168.4 

Fairmont 183 

Sherburne 197 . 5 

Topof  btuff  at  jancdon  of  bmuJi  to  Jadiaon  depot....  209.1 

Des  MoincB  river,  water 211.8 

Des  Momeii  river  bridge 211,8 

Summit,  grade 216.6 

Lakefield 220. 8 

Okabena 229.1 

Crossing  St.  P.  4  S.  C.  R.  R 232.2 

Ue  Forest. 239,5 

Fulda 246.1 

lona 265.6 

Summit,  grade 259.4 

Entering  Cliaiiammbie  valley,  grade 264.0 

Ohanarambie  creek,  water  at  last  crossing 274.5 

Edgerton 276.0 

Rock  river 279 . 0 

Hatiield 283.0 

Highest  point  on  road 286.5 

Pipeetone  city 289.0 

Pipefltone  creek,  water 293.0 

Aiilie 296.5 

Plandreau 303.6 

Big  Sioux  river,  water 806. ! 

Egan ■  30P.0 

Sioui  Falls  Junction 309.9 

Summit,  grade 315.0 

Summit,  grade 828.5 

Summit,  grade 830.b 

Ma,dison  Lake,  2  mi.  S.  of  last 

New  Madison 332.6 

Herman 335.0 

Lake  Herman 

Summit  of  hills,  approximately 342.0 

Top  of  bluff 342.2 

Ea«t  Vermiliou  River,  water 344.1 

Top  ofblutF 345.5 

Top  of  bluff 852.3 

West  Vermilion  River,  water 364.0 

Top  of  bluff 360.6 

Rock  Creek,  water 360.9 

Top  of  bank 361 . 5 

LitUe  Jim  Flats 370.6 

Top  of  bluff 381.3 

James  River,  water 383.0 

Prairie  west  of  James  River 386.0 


1014  . 
1176  . 
1273  . 
1446  . 
1288  . 
1363  . 
1517  . 
1463  . 
1410  . 
1414  . 
1446  . 
,1508  , 


1550  . 
1495  . 
1610  , 
1496 
1695  , 
1705  , 
1691  . 
1576  . 
1646  . 
1664  . 
1646  . 


1516  . 
1404  . 
1367  . 
1392  . 


b.     BHAHCn  TO  MAHKATO. 

Junction  near  Wells 144. 7 

Minnesota,  Lake 153.0 

Mapteton 161 .4 

Maple  River,  water 168.5 

Good  Thunder 169. 3 

Rapidan 176 .6 

Le  Sueur  River,  water 177,9 

Le  Sueur  River,  bridge 177.9 

Crossing  St.  P.  &  S.  C.  R.  R 181.3 
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miles  fniiu   teet  above 
La  Crone.      the  us. 


C.     RRAMCH  TO  SIOUX  FALLS. 

Sioux  Falls  Junction 309 . 9  1496  . . . 

Big  Sioux  River,  water,  second  crossing 310.7       1479 

Biff  Sioux  Birer,  water,  third  crossiiig 315.8  1461  . .. 

Ddl  Rapids 322.7  1467  ... 

Big  Sioux  River,  water,  fburUi  crossing 823.0       1452 

Top  of  hill  above  Sioux  Falls 340.5  1404  ... 

SiouxFtdls 841.6  1375  ... 

Big  Sioux  River,  water 341.7  1355  ... 


I<)Kia  ^  Dakota  Diciaion,  Chicago,  Miticauket  it  Si.  Paul  Railway. 

Copied  from  profiles  in  the  office  of  Geobok  H.  White,  Engineer,  Minneapolis. 

DistMices  In  Height  In 

miles  trom  feet  above 

N.  UcGregor.    toe  Sea. 

Low  and  high  water  in  Mississippi  River  at  HcQregot 615.9-634 

North  McGregor 0  638  . 

Monona 14.07  1221  . 

Luana 17.90  1132  . 

Poetville ■. 24.43  1207  . 

Caatalia : 30.64  12.57  . 

Ossian. 35. 70  1281  . 

Calmat 42.04  1269  . 

Summit,  grade 42.90  1300  . 

Conover 46.26  1247  . 

Cresco 60.80  1312  . 

LimeSprinffs 71.78  1258  . 

Chester 76.41  1244  . 

Le  Rov : 84.25  1298  . 

Decori 53.90       900  . 

Turkey  River,  water ..■ 47.39  1002  . 

Fort  Atkinson 47,73  10S(  . 

NewHampton 69.06  1166  . 

Middle  Wapsipinicon  River,  water 72.84  1061  . 

Chickasaw 76.66  1148  . 

Crossing  C.  V.  R.  R 88.15  1020  . 

Charles  City 88.53  1012  . 

Cedar  River,  water (59.65        995. 

Shell  Rock  River,  water 106.45  1083  . 

Shell  Rock  River,  bridge 106.45  1053  . 

Lime  Creek,  water 112,. 55  ll»2  . 

Lime  Creek,  bridge 112. .55  1071  . 

Mason  City,  depot  and  crossing,  R.  R 115.90  1130  . 

Clear  Lake,  depot 125.67  1237  . 

Summit,grade 131.56  1272  . 

Gamer 135.20  1227  . 

East  Fork  of  Iowa  River,  water 137.91  1200  . 

Crossing,  M.  ft  St.  L.  Ey 146.19  1210  . 

Britt 147.19  1232  . 

Summit,  grade 156.09  1269  . 

Wesley. 156.87  12-54  . 

Near  Algoua {Oof  line  west) 168.19  1191  . 
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lotea  Division,  lUtnoia  Central  Railroad. 

From  Qavnbtt'b  List  ol  BlerUlona,  tourtb  edition. 

Heights  lb 
feet  above 

F^I^*Jnnction 1131 

Hanchester 933 

Wmthrop 1080 

Independence 924 

Waterloo,  Cedar  RJTer 864 

Ackle:; lUl 

Summit  between  Cedar  vnA  Iowa  rivers 1221 

lowti  Falls,  Iowa  River 1071 

Alden 1165 

Summit  between  Iowa  River  and  ite  South  Fork _ 1204 

South  Fork  of  Iowa  EiTer...; 1159 

Blainabntg^ , 1230 

Summit  between  lowaajid  Boone  Riven 1260 

Webster  City 1039 

Dunoomb nil 

Summit  between  Boone  and  Des  Mmnee  riven 1171 

Fori;  Dodge 1001 

Sammit  between  Des  Hoinea  and  Raccoon  riven 1330 

Raccoon  River 1279 

Summit  between  Raccoon  and  Little  Sioux  rivers 1519 

Cherokee,  Little  Sioux  River 1176 

Summit  between  Little  Sioux  and  Flovd  rivers 1488 

Floyd  River 1166 

Chieaqo  dt  Northwealem  Bailieay,  in  Iowa. 

From  GANSBTi'e  Llat  ol  Elevatloiu. 

Marahalltown 905 

■    State  Center 1093 

Nevada ' .' 1024 

Amea 943 

Boone 1162 

Uoingona,  bridge  over  Dee  HoineB  River : 914 

Moingona.  low  water  of  Des  Moinea  River 877 

Ogden 1116 

Beaver 1048 

Grand  Junction 1062 

Jefferson 1078 

Raccoon  River 1004 

Glidden 1238 

Carroll 1247 

Arcadia,  on  divide  between  the  Mirausippi  and  Missouri  riven 1446 

Divide,  natural  ground 1468 

Denison 1199 

Council  Bluffs 1007 

Minneapolis  4r  St.  Louis  Railway. 

From  BoBBBT  Anost,  JkMlstant  EnKiaeer,  Ulnneapolis. 

Distance  in  Heiglii  lu 
miles  Irom  feet  above 
MlDDeapolln.    tiie  Sea. 

Minneapolis „ 0.  82-5 

Hopkins 8.7           919  .... 
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Dlatuices  In    Helgbt  In 
miles  Irom    feet  itKiTe 

Minneapolis.     Che  aea. 

Eden  Prairie 15.2           882  .... 

Summit,  grade 18.7           875  .... 

Chaska 22.7           725  .... 

Carver 24.7            719  .-. .. 

Low  water  in  Minueaota  River 24.7           669  .... 

Merriam  Jttnctioa.  St.  P.  *  S.  Oly  R.  R 27.2  763 

Jordan 32.3           753  .... 

Helena S6.3           886  .... 

NewPragne '. 42.6  97S 

Montgomery 50.0  1063 

Mulford's  Siding 54.6  1060  .... 

Kilkenny 58.6  1056  ... , 

Waterville 65.4  lOOS 

loKO r ; «».7  1146 

Wasecft 76.2      .  U5I 

New  Richland 88 . 7  1 178 

HartlBJid 94.»  1247 

MancheBter 100.9  1258   

Albert  Lea 108.0  1224 

TwinLaies 115.0  1255 

Norman 121 .4  1279 

Late  MiUb 127.2  1264 

Benson'sOrove 186.0  1216 

PorestCity 141.7  1220 

Crossing  C.,  M.  &  St.  P.  R'y 155.5  1207   .... 

Britt 156.3  !230  .... 

Corinth 167.0  1180   .... 

Livermore 181.6  1135 

Humboldt 192.0  lOStl  .... 

Fort  Dodge,  upper  depot 210.0  1120 


St.  Paid  <!t  Sioux  City  Dioition,  Chicago,  Si.  P.,  Minntapolit  it  Omaha  R'y. 


Dlstanofl  in  Height  In 
miles  bom  feet  tU>ove 
SLPani.       ttie  Sea. 

Saint  Paul 0.  698.4 

Mendota 5.5  718  .... 

NicolB 9.9  706   ,,,, 

Hamilton 17.7  714   

Eagle  Creek,  bridge 19.7  708 

Bloomington  21.2  78R    

Shakopee 26.8  741    

Summit,  grade 32.6  764 

Brentwood. 38.0  749 

Summit,  grade 40.0  76S 

BeUePlaine 45.6  725   

High  water  in  Minnesota  River  here 45.6  718    

Blakeley 49.9  728  .... 

EaatHendereon 56.8  734   

Le  Sneur 61 . 5  763    

High  water  in  Minneeota  lUver  here 61.5  735   

Ottawa 67.6  790  .... 

Bast  Saint  Peter 73.4  748  .... 

Kasota  Junction '.... 75.9  800  
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Summit,  grade 77.8  837  . 

Mankato 84,0  791  . 

Blue  Earth  River,  low  and  high  water 86,2  756-7: 

Blue  Earth  RiTer,  bridge 86.2  19.'>  . 

SftuthBend 87.6  808  .. 

Minneopa  bridge,  68  feet  above  water 89.2  86H  . 

Minneopa 89.4  871   . 

SummitGrade 95.6  992  . 

Lake  Crystal 97,8  994  . 

Summit,  grade 102.2  1009  , 

Iceland 104.1  998  . 

Medalia 109.0  1021  . 

Watonwan  River,  water 110.5  979  . 

Lincoln 116.4  1042  . 

SaintJames 121.6  1073  . 

Butierfield 130.1  1184  ., 

Mountain  Lake 137.0  1300  . 

Bingham  Lake 143.2  1420  . 

Summit,  grade 144.1  1437  . 

Windom 147.8  135.3  , 

Des  Moinea  River,  water 148. 1  1331  . 

Bluff  Siding 149.7  1425  . 

WUder 154.0  1448  . 

Heron  Lake,  water 159.0-159.5  1403  . 

Heron  Lake,  depot 160.3  1417  . 

Hereey (Brewster) 170.0  1485  . 

Elk  Creek,  virater 171.5  1473  . 

Summitpgrade 178.2  1688  . 

Worthington 178.4  1582  . 

East  Okabena  Lake,  water 178.5  1569  . 

.Junction  of  Sioux  Falls  Branch 181.8  16.%t  , 

Summit,  grade 182.8  1654  . 

3unimit,grade 184.6  1666  . 

Bigdow 187.8  1631  . 

State  line 188.3  1643  , 

Summit,  grade,  1647;  tmrhoe 188.9  1653  . 

Sibley 195.9  1509  . 

St.  Oilman 202.4  1442  . 

Sheldon 212.1  1406  . 

HoBpcm 220.1  1388  . 

Earf Orange 228.5  1302  . 

Seney 239.7  1221  . 

LeMara 244.2  1221  . 

Floyd  River,  here 244.2  1197  . 

Sioux  City 270. 0  1 122  . 


6.     WOOIWTOCK    BRAMCa. 

Heron  Lake,  junction 160.3 

Dundee 168.4 

.Uoca 180.1 

Two  summit*,  grade 201.1-201.9 

Murray  and  Pipestone  county  line,  grade 202, S 

Woodstock 204.3 

Rock  River,  water 208.3 

Summit 2U.5 

Pipestone  City 215.4 

Bi|r  Sioux  River  at  Flaudrean 230.8 

Prairie,  4  miles  further  west 235 . 0 


1417  . 

1443  . 

153.S  . 
1850-1'<49 

18:)9  ... 

1822  ... 

1645  ... 

1785  ... 

17U.  ... 

1501  .., 
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C.    BIOUX  FALLS  BBAMCH. 

181.8 
184.5 
187.4 
187.4 
190.1 
196.9 
1S8.0 
198.0 
199.5 
203.7 
206.2 
207.1 
210.3 
211.1 
216.1 
219.3 
219.8 
224.4 
225.2 
232.4 

234!4 
240.2 
340.4 
241.6 
343.4 
250.0 
250.0 
254.4 
361.2 
268.0 
268.0 
26».3 

269.5 
269.5 
275.  a 
279.5 
281.0 
290.6 
303.5 
313.0 
320.2 
325.0 

^«- 

1691  .. 

Little  Rock  River,  bridge 

1649  .... 
166-5  .. 

1538 

Kanarania  Creek,  water 

1499  .... 
1511  .. 

Summit,  grade 

1569  .... 

E'kSlouKh  Kiade    .                 

1469  .. 

1423  .... 
1451   . 

Summit,  grade 

1543  ... 
1443 

BeaTer  Creek,  wa& 

1385  .... 

Valley  SpringB 

1892 

1281-1302 

1307  .    .. 

Big  Siouz  River,  wat«r 

Skunk  Creek,  water,  Sec.  31,  T.  102,  R.  50 

1471  .... 
1403  .... 
1449  .... 
1465  .. 

Hartford  Siding,  ^.  22.  T.  102,  R.  51 

Summit,  grade.  Sec.  9.  T.  102,  R.  52 

Eaat  VenniUon  Biver,  water,  Sec.  27,  T.  103,  B.  53. . . 
Eart  Vermilion  River,  bridge 

1561  .... 
1692  .... 
14K  .... 
1469  .... 
1471   

Weat  branch  of  E.  Vennilian  River,  water,  at  8.  W 
comerofSec.  15,  T.  103,  R.  53 

1468  .... 

15b6  .. 

Salem,  Sec.  13.  T.  103,  R.  55 

West  Vermilion  River,  watar,  Sec.  15,  T.  103.  R.  55. . 

Wolf  Creek,  water.  Sec.  20,  T.  104,  R.  56 

Fawn  Uke,  water,  T,  105,  R,  58 

Stony  Creek,  water,  Sec.  25,  T.  106,  B.  60....---- ... 
James  River,  water,  Sec.  12,  T,  106,  R.  61 

1517  .... 
1457  .... 
1370  .... 
1320  .... 
1253  .... 
1212  .... 

Luveme 211 .1  1451 

AshCreek  depot 218.7  1396 

Stateline 221.6  1374  .... 

Rock  Rapids 226.5  1344 

Rock  River,  low  and  high  water 231 .0  1296-1311 

Doon 238.9  1282 

Rock  River  at  S.  line  of  Lyon  county.  Iowa,  low  and 

high  water 240.2  I248-X266 
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a.     FROU  BECK&B  SODTH  TO  PKBSBOBH  CODHTY. 

Heigtlt  In 
[eet  abote 
thea«&. 

At  White  EarthAgen<T 1600  .... 

Eaat  of  Detroit 14SO-1500 

East  of  Lake  Lida 1425  .... 

EaetofFerpM  Falls 1300  .... 

Leaf  hUlB 1400-1750 

AtGlenwood 1250-I.SOO 

Blue  Mounds 1250-1300 

In  Meeker  and  Wright  connties 1225-1000 

In  Hennepin  and  S«)tt  countiea 950-1050 

In  Le  Sueur  and  Rice  counties '. 1050-1150 

In  Wasera  county 1100-1200 

In  Steele  county 1150-1-350 

In  Freeborn  ooun^,  eastern  Moraine 1276-1300 

Western  or  inner  Moraine  in  this  county 1300-1375 

Kiester  hills,  Faribault  county 1300-1400 

Medial  Moraine,  northwest  to  Detevan 1300-1100 


In  Worth  and  Winnebaero  countiee 1250-1350 

Pilot  Mound,  Hancock  county,  about 1425  .... 

Medial  Moraine,  northwest  to  Fairmont,  Minn i82&-1225 

Medial  Moraine,  west  to  Lake  George 1250-1300 

In  Wrifht  and  Franklin  counties 1350-1200 

In  Hardin  and  Hamillon  counties 1250-1150 

Mineral  ridge,  in  northern  Boone  county,  about 1200 

In  Guthrie  and  CajToll  counties 1200-1325 

In  Sac  and  Buenft  Viata  counties 1275-1500 

In  Palo  Alto,  Clay,  Emmett  and  Dickinson  countiea 1300-1600 

Spirit  Lake,  about  liOOi  hiUawestofdo 1475-1525 

In  northeastern  Osceola  county 1550-1675 


C.     THE  COTBAU  DES  FRAIBISS. 

I.    ITk  Sattamor Inner Moralnt. 

In  Jackson  county 1450-1475 

Blue  Mounds,  Cottonwood  county 1450-1525 

In  Murray  and  Lyon  countiee 1SOO-1600 

In  Lincoln  and  Yellow  Medicine  conntdes,  and  onward  in  Dakota. .  1500-1650 

Antelope  HiUa  range 1250-1800 


2.    ThiWeeleraorOuttirMoraiat. 

In  Noblea  county 1660-17.^ 

In  Murray  county 1750-1900 

In  northeaatem  Pipeatone  county 1P50-1800 

In  Houthwestem  Lincoln  connty 1900  1960 

In  Dakota,  from  the  west  line  of  Lincoln  county  to  the  head  of  tiie 

Coteau  des  Prairies ]900-2a50 
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L  HORAINE. 


Height  In 
feet  above 


Northward  to  Devil's  Lake  and  Turtle  Mountain,  mostly 1400-1600 

Devil's  Lake  (NicoUet) 1476   .... 

Mitii-wakan-chante,  hill,  south  of  do.  (Nicollet) 1766 

Turtle  Mountain  (Dawson's  map) 2150  .... 

Turtle  Moantwn  (U.  S.  By.  Com.  profile) 200u-2a»4 


«.     TERMINAL  MOKAIKK  FROll  THE  HEAD  OF  THE  COTEAIT  UBS  PBAIBIEa  TO 
THE  COTBAU  DC  UrsaOUBt. 

In  Codington,  Hamlin,  BrookinKs  and  Lake  counties 1800-1900 

/.     THE  COTBAU  DO  HIBSOUHr. 

Through  central  Dakota 1800-2200 

At  the  north  line  of  the  United  States 2000^2200 
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STATE  QBOLOaiST. 

X. 

CHEMISTRY. 

AITALTSIS   BY    PBOF.    DODGE. 


MunriAPOLis,  Dec.  14, 1880. 

PaOf .  WlKOHHLL — 

Dear  Sir: — I  lumd  ;on,  at  lengtli,  results  of  anolysiB  of  the 
substance  *  yon  left  with  me  at  tlie  chemicBl  laboratory  about  two 
months  since — the  lime-clay  material  stated  to  have  character  of  a 
cement. 

Hoping  tnat  the  results  I  communicate  may  not  come  too  late 
to  be  of  any  service,  I  remain, 

Very  truly  youis, 

Jakbs  a.  Dodqe. 


Mineral  powdered,  dried  at  100°c.,  digested  with  diL  Hci.: — 

Dissolved  by  Hcl 55.1p. 

Residue 46.9 

■100.0 
Analysis  of  portion  dissolved  by  Hcl.: — 

C  Oa 41.06p  2l.8p.  of  entire  mineral. 

SiOj 0.98  0.53 

Ala  Oj traces "  " 

PesOs 6.78  8.6 

CaO 49.58  26.8      '    " 

MffO 1.51  0.8 

Kj  0 traces 

NajO f..  traces 

99.86p  53.02p 

*  This  snbitBDM  li  sclsy  from  the  Bed  rlvci  T&lle;,  neu  Grand  Forka,  Dakota. 
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Analysis  of  portion  undisaolved  by  Hcl, :  Boiled  with  solution  of 
carb.  of  soda,  gave  only  slight  traces  of  Si.  O2.  Fused  with 
carb.  soda-potass.,  gave: 

Si  Oa 61.69p 28.»3p.  of  entire  mineral 

AI3  O3 29.93   14.04        " 

FeaOs «.«  1.91        » 

Ca  0   traces "  " 

MgO 0.98   0.46 

K2  0 traces 

Naa  0   traces 

98.59p  46.24p 
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XI. 
ORNITHOLOGY. 

(bbpobt  of  db.  p.  l.  hatch.) 


Prof.  N.  H,  Winchbll— 

Sir: — The  present  year  has  made  no  signal  additions  to  the 
namber  of  species  of  birda  found  to  belonfj;  in  the  State.  Esplora- 
tions  have  been  made  over  conniderable  sections  hitherto  unno- 
ticed, and  more  critically  over  those  somewhat  familiar  to  me  in 
the  past,  which  have  been  rewarded  by  mach  desirable  inf  onoatioD, 
but  without  any  discoveries  of  new  forms,  except  in  finding  some 
accidental  stragglers  from  well-known  habitats,  as  in  the  case  of 
the  cinnamon  teal,  Qtterqtudula  cyanoptera  (Viriell),  Cnssin, 
found  at  Bigstone  lake,  on  the  western  border  of  the  State.  It  is 
highly  probable  that  very  little  remains  to  be  done  in  tlie  work  of 
identification.  There  can  be  no  doubt  that  occasionally  a  species 
will  yet  be  added  from  those  known  to  visit  the  same  latitudes  in 
contiguous  territories,  or  even  from  more  remote  localities.  Sev- 
eral such  have  recently  been  added  to  the  lists  of  such  old  states 
as  Maine,  Massachusetts  and  Ohio.  Indeed  several  that  are  new 
to  science  hare  recently  been  collected  and  described  by  competent 
And  reliable  omothologists,  resident  in  those  states,  which  multi- 
plies the  probabilities  that  such  will  be  the  case  here,  yet  thia  does 
not  affect  the  conclusion  tbst  the  list  for  Minnesota  is  about  full. 
Entertaining  this  view,  while  employing  the  utmost  vigilance  to 
let  none  escape  my  notaee,  I  have  devoted  my  attention  princi- 
pally to  the  local  habits,  relative  numbers  and  migrations  of  those 
Already  idestiSM.     I  dfi&iie  in  this  way  to  make  the  history  of  the 
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birdn  of  MinneBota,  when  completed,  of  the  most  value  to  the  ends 
for  which  this  subdivision  of  the  State  natural  history  surrey  was 
iastituted.  I  God  it  no  small  undertaking  to  ascertain  the  average 
distribution  of  species  on  bo  wide  a  domain,  considerable  of  which 
{B  remote  and  some  of  which  is  extremely  dif&cult  to  explore  after 
access  has  been  attained. 

t  understand  better  than  I  did  once,  why  so  few  competent  nat- 
uralists have  undertaken  the  life-histories  of  birds  in  the  interest 
of  agriculture.  To  follow  a  single  species  from  the  time  of  its  ai- 
rival  until  its  departure,  and  record  its  habits  of  migration,  feed- 
ing through  all  the  months,  nesting,  rearing  and  protecting  its 
young,  seems  to  be  task  enough  for  the  spare  haurs  of  any  one  in- 
dividual, but  what  of  it  when  instead  of  one  we  have  nearly  three 
hundred.  While,  however,  I  am  doing  this  with  the  assistance  of 
all  reliable  aid  which  I  can  enlist,  there  is  an  increasing  demand 
for  a  correct  list  north  for  the  use  of  collectors  and  for  scientific 
purposf  ?  in  the  other  states  and  foreign  countries,  which  I  have 
uow  completed  and  herewith  place  in  your  hands  for  publication, 
if  it  shall  meet  your  approval. 

Yours  very  respectfully, 

P.  L.  Hatch. 
Minneapolis,  October  21,  1880. 
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A  List  of  the  Birds  of  Minnesota, 


BT  DS.  P.  L,  HATCH,  OP  UimTBAPOLIS. 


This  list  wtu  in  the  handa  of  the  printer  long  since,  when  a  diaaetrona  confla- 
gnition  destrojed  it,  and  it  htu  been  impoMible  to  give  its  re-writiiig  the  meas- 
Dre  of  carefulness  which  the  first  manaaciipt  received.  If  eirorH  shall  have 
crept  in  I  believe  the7  will  be  found  to  be  unimportant.  Although  unfortunate- 
ty  delayed  bj  the  ctrcumstance  mentioned,  I  have  fulRUed  mj  purpose  and  inj 
promise  to  the  manj  who  have  twen  calling  on  me  for  it  to  long  and  so  compli" 
mentarjly. 

1.  TurduB  tnlirratorlas— Robin— common  over  the  State. 

2.  T.  mnsteUnus— Wood  Thrush— common  for  the  species. 

3.  T.  pallaali — Hermit  Thrcsh — proportianat«lj  represenl«d. 

4.  T.  BwaJnsoni— Svainson's  Thkubh— common,  and  the  variety  Alicia 

uud  to  have  been  obtained. 
5. 

6.  Mimufl  oarollneziBls—CATBiRD— exceedingly  common. 

7.  Horporhynohus  rufUs— Brown  TRREatnt—very  common. 

8.  SlaUa  sialls — Blvebird — not  less  common  than  last. 

9.  SiaJla  mexioana— Wmtern  Bluebird — only  one  seen— Red  River. 

10.  ReffuluB  oalendulus — Rubt-crowned    Kinolbt — common  in  mi- 

gration associated  with  Satrapa. 

11.  Beffulus  aatrapa — less  frequently  seen  in  migration. 

12.  PoIloptUa  ooarulea—BLUE-oBAT  Gnat  Catcher— very  tare^ 

13.  Lopbophanes  bioolor— Tupted  Titmouse — eiceedingly  rare. 

14.  Puma  atrtoapiUiu- Blace-caffed  Titmouse,  or  "  Chickadee"— 

common  and  a  permanent  resident. 

15.  Paras  atrioaplllus,  var.  BeptantrlonallB— rare,  but  seen  several 

16.  Sltta  oarollnenBta—WgrTE- BILLED  Nuthatch —common  resident. 
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17,  Bitta  oanadanaiB — Rei>-bii.i:.gi>  Nuthatch — Igm  common  resident. 

l!t.  Certhia  fiEtmlHaiis — B ho wm  Crbepek — common. 

19.  ThryotoruB  bewlokU— Bewick's  Whfk — common  in  mmmer. 

20.  Troslodltes  sadoc— House  Wrem— commou. 

20!^.    T.  Sdon,  var.  porkmani— Houbk  Wbbn— common 

21.  Anorthura  IrogrlodTtaB,  Tar.  SyemaUs— Wihtbs  Wbbn — also 


Telmatodytea  paluBtrlB—Loffa-BiLLU)  H&bbh  Wren— oomraon 
OiStOthOrus  Btellaria— 3hort-bii.i,ed  M.vBaB  Wren— alaocommon. 
Bremophlla  alpeatria — Shobrl ark— very  common. 
Ajithufl  ludoTicdantiB— TiTLABK— not  uncommon  in  migration  and 

BometimeB  abimdant. 
Heooorya  epraffuei — Hisbodbi  Skyiark — tbty  rue. 
l&ilotUta  varla — Black  and  Whitb  CREapEit — BatheT  a  common 

warbler — breedi  here. 
PanUa  amerloana— Blub  Tsixow  Bacebd  Warbijlr— not  com- 

Helmlnthophasa  plnus— Blue-winobd  Teixow  Warbler— about 

like  the  last  epeciea  in  freaaencf . 
H.olirysoptera— BlueOoldxh  WiNOBD  Wasblbb— not  abundant. 

Breeds  here  however. 

H,  BuSoapiUa— NASHViiftE  Wabblbr — common  and  breedi  here  in 

many  observed  localities. 
H.  oelata— Okahoe-cbowhed  WARBLsi^-common,  and  breedi  hei« 


DendroeoaaastlTa.-BLnB-BTED  Yelixjw  WARSLBB-the moit com- 
mon of  the  Warblers  during  anmmer,  and  breeds  here  in  great  abund- 

D.  vlrene— Black 'THROATED  Grbbm  Wabbleb — a  mnch  leu  numer- 
ous specie;  breeds  here. 

D.  ooeruleeoeas— BLACK-TKROATXti  Blue  Wabbleb — often  seen  in 
migration—]  am  not  aware  of  any  neetfi  having  been  taken,  bat  think 

it  breeds  in  the  State. 

D.  ocerulea — Cuckoleab  Warbler — Occasionally  seen  in  spring — 
Little  known  of  its  local  habits. 

D.  ooronata — Tellow-Rumpkd  Warslek — TTie  earliest  and  by  hx 
mo^t  numerous  of  all  the  warblers  during  migration,  and  breeds  to 
some  extent  in  the  vicinity  of  Lake  Superior. 
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M.    D.  striata— Black-Polt,  Wakbler— Very  common  horn  the  10th  to 
the  20tli  of  Maj^Breede  here. 

imigrBtion— 

41.  D. 'blaokbumleB — BlacebL'Rni.^n  Warhi.er — Rather  a  common  mi- 

g[Tant  and  breeds  here. 

42.  D.  pennsylvanloa — Chebtn«t-bii>ed  Warbleh— Quite  common— 

Nests  have  frequently  been  obtained. 

43.  D.  maoulOBa — Bi^^ck  and  Yellow  Warbleb — Not  uncommon — I 

hOiTe  seen  no  ueBte.  but  have  no  doubt  om  to  ita  hreedingf  here. 

44.  D.  titrrina — Cafe  Mat  Wabbler — Vet;  common  in  migration. 

45.  D.  palmamm— Yellow  Red-poll  Wakbler— Not  very  inirequent 

in  a  short  period  of  its  migration—  No  nests  seen  as  yet. 

46.  D.  plnuB — Pine  Cbeepino  Wabblbr — Seen  only  in  migration  except 

in  a  single  uirtance  in  Grants  couoty  by  T.  S.  Roberts  in  the  early  part 
of  Jnne. 

47.  SeiuruB  atirooapiUus— GoLDEK-CROnsED  Thrcbh— common  dur- 

ing migration,  and  nests  are  occatiionally  observed. 

mon  bnt  also 

49.  Oporomla  airUto— Connecticut  Warbleb— rare. 

50.  Gtoothlypla  triobajs— Maryland  Yellov-thboat— very  common- 

breeds  here  abundantly. 

51.  O.  Philadelphia— Mod RN INS  Warbleb- seen  rather  infreouently— I 

think  one  nest  has  been  obtained  by  Mr.  T.  S.  RobertB.  Mr.  Trippe, 
quoted  by  Dr.  ConeB,  found  it  very  common  and  breeding  here  abund- 
ant^, but  twen^-tvro  years  residence  has  afforded  me  less  favori^le  re- 
snlta.    1  bare  not  looked  for  it,  however,  In  the  localities  he  mentioned. 

52.  loteria  virldla— Ykllow-bkeasted  Chat— Very  rare  as  yet— Only 

seen  on  the  woBtem  borders  of  the  State  and  in  Dakota  along  tlie 

Missouri. 
58.    MjriodlooteB  puslllus— Green  Blace-caffed  Flt-catchkb— Not 

very  abundant  but  breeds  here. 
54.    M.  oanadenaia — About  like  the  last  speaes,  and  the  nests  arc  said  to 

have  been  seen. 


—Every  year  becommg  more 

57,  Hirundo  Horreorum— Barn  Swallow— Abundant  in  some  afidionK, 

but  not  univers^y  bo. 

58.  Tatdiyoineta  Ijloolor- White-bellied  Swallow- Abundant 
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59.  T.  tbalaaslna— VioLBT-oRBEN  Swallow— Not  ao  well  represented  bb 

the  last. 

60.  Peboohelidon  lonifrouB— Eatb  Swallow— CommoD. 

61.  Ootyle  rlparia— Bank  Swallow— Also  very  common. 

62.  Stel^dopteryx  aerrlpenuia— Roiinn-wtfjOED  Swaliaiw- not  com- 

63.  Proffne  purpurea— Pukplb  M a rtim— abundant. 

64.  Ampella  aarrulua — Bohemian  WAx-wiNa—Tbis  winter  visitante 

DumberB  vary  bo  much  from  year  to  year  aa  to  forbid  any  apinoximat«- 
ly  definite  deecription — sometimes  common. 

65.  A.  oedrorum— Cbdak  Bird— common,  and   breeds  in  varioiu  sec- 

66.  Tireo  Ollvaoeua — Rbd-rted  Vireo — common. 

67.  V.  phlladelphiouB — Brothsrlt-love  Bird — quite  n  number  bave 

been  identified,  but  I  do  not  tbink  it  a  common  specie. 

68.  V.  gilvua— Warblibo  Tireo— delightfiilly  common. 

69.  V.  flavlfrOUB — Trlix>w-thiioated  Vireo — not  at  all  common,  bnt 

breeds  here. 

70.  V,  BOlltaiins— SoLiTABT   Vireo — common    in  migration.    Breeds  in 

northern  sections  of  Uie  State. 

71.  V.  noTOboraoetiBlB— White-eted  Vireo— rare  nc  far  as  yet  obBervetl 

— at  least  not  common. 

72.  V.  bellU — Bkli,'b  Virko — not  a  common  specie. 

73.  OoUurio  boreaUs— Great  Northern  Shrikr— Is  fairly  common  but 

far  less  so  than  the  next  species. 

74.  O.  exoubltoroidee— White-rum  FED  Shrike— Which  is  eicecdingly 


75.  HeeperiphonaveBpertlna— EvENiNn  (JROHSEAK-Like  the  Chatterer 

or  Bobemian  wax  wing.  The  repiesentatiiw  of  these  winter  viaiton 
is  exceedingly  variable,  yet  never  aa  great  as  in  that  species. 

76.  Ftuloola  eDunoleator — Pine  Grosbeak — Much  the  same  as  the 

Evening  Qrosbeak. 

77.  Oarpodaona  purpureuB — Purple  Finch — Common  occasionally  in 

fall  migration. 

78.  OurvirOHtra  amerioaoa— Red  CMoae-Bn.i-— Not  exactly  conunoo— 

Breeds  m  north  part  of  the  State. 

79.  O.  leuooptora — Whitk-winoed  Cross-bili, — Rather  rare. 

80.  Aegiothoa  Unoriua- Red-i>oll  Linnet— Common  in  winter. 

81.  Obriaomltrls  plaus— Pine  LiNHET^Not  rare. 
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82.  O.  trtotta— Amebicam  Goldfinoh— »w7  common  aud  breeds  exton- 

83.  PlootroplianeB  nlvaUs— Snow  BonTma — a  veij  abundant  ipeciM  in 

winter. 
&4.    P.  lapponlouB^LAPi^KD  Lonobfur — not  aa  constant  during:  the  win- 

tei  but  very  numerous  in  both  migratiimi. 
8-5.    P.  omatu»— Chestnut  COLORED  Bdntiko — common  along  the  Red 

River,  where  it  breeds. 

86.  P.  piotua— Paikted  Lake  Bumtino— not  mnch  obaerred,  but  identi- 

Ked. 

87.  OantroiiTX  balrdli — Baird's  SpABBOw-common  along  the  Bed  River 

where  it  breeds. 
8S.    PaaaarouluB  savaima — Savakna  Sparrow — common,  breeding  here 
abund&ntl; . 

89.    PooocBtea  sramlneue— Bav-winqed  Buntiko— common. 


91.  O.  leoontl— Lkcoste's  Sparrow— weli  identified. 

92.  Maloeplsa  Unoolni — Linoolr'b  Spasrow — about  the  &ame  as  Lecon* 

ti— either  or  both  are  doebtleeg  not  ufrequent  in  Bome  localitiea. 

99.  M.  )}alu8tri8— SwAHP  SpARROW—Abundant. 

94.  M.  melodla—SoKO  Sparrow— Very  common. 

95.  Jimoo  TryemaUs — Snow  Bird — Abundant — Breeds  here. 

96.  I.  or^fonuB— Orbooh  8nowbiri>— A  few  Btmgglew. 

97.  Splzella  montioola— Trbb  Sparrow— Common. 

98.  B.  acxdaUs— Cbippiho  Sparrow— Very  common. 

99.  8.  puallla— FiEiJ)  Sparrow— Also  common. 

100.  8.  pallida — Clat  Colored  Sparrow — Not  rare,  yet  not  what  may  be 

called  common— It  breeds  along  the  Red  river. 

101.  ZotioMohlaJ,albiaoIllB — W&ite-tbroatkd  Sparrow — Common — 

Breeds  here,  espeeiiilly  northward. 

102.  Z.  leucophrya— Whitb-crowked  Sparrow- Also  breeds  here,  but  ia 

common  along  the  Red  river. 

103.  Z.  quemla— Harkis'  Sparrow— Not  uncommon. 

104.  Ohondeates  srammaoa — Lark  Fiucb — Common. 


lUaoa — Fox-colored  Sparrow — Not  ui 
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107.  Oabnocq>l£a  bioolor— Lark  Bdstinq— CoDunon  in  the  northweateni 

part  of  the  State. 

108.  Buspiza  ameiicMuia — Black-throated  Bdmtiits — Not  %  tttj  vm- 

stant  or  abundant  specieB,  but  hreeds  here. 

109.  Oonlaphaa  ludoviolana — Hobg-breabtkd  Gbobbeak — A  very  com- 

moD  species. 

110.  Oyauoaplsa  OTaiiea— Indioo  Bikd— Common  for  its  epedee. 

111.  OardinaUa  virgtnianua — Cardinal  Rbd-rird — An  ocasional  ib^g- 

^er — Has  been  obtained  in  pain  under  circum stances  to  justi^  the 

112.  PlpUo  erytliroDhtlialiau*— TowHBK  Buntino — An  average  tepm- 

seatation. 
118.    D0II0I10117X  oryzivorua—BoBOLiHK— Common. 

114.  Uolothrufl  peoorlfl— Cow-bird — Very  abundant. 

115.  AffelSBus  pbcenloeua — Red-wihoed  Blackbird — An  abundant 

Hpecies. 

116.  XantbOoaplialuBioterooepbalus— Yellow-hbadbkBi^okbibd— 

NamerouH  in  restncted  localities.  / 

117.  Stumella  TnttgntL— Mbadow  Lark— Common. 

118.  8.  Nefflectcv — Common  along  the  Red  River  and  occasional  in  other  sec- 

119.  loterue  eporltis.— Orchard  Oriolb— A  rather  commonand  constant- 

ly obwrved  spedee. 

120.  I.  baltlmors.— Baltiuorb  Okiule— Very  common. 

121.  Soboleoopbaffiia  ferruffliieiie.~RcsTy  Blackbiri>— Seen  only  in 

migration. 

122.  8.  ojranooephalus.— Brewer  B  Blackhirp — Breeds  in  considerable 

numbers  on  the  Red  River. 
153.    Qulsoalufi  purpureuB.— Crow  Blackhird— Abandant. 

)  increasing  in 

O.  oeaifrasru*.— FiBH  Crow-— Seen  rarely  in  considerable  flocks  in  mi- 

Ploa  melanoleuoa,  var  hudaonloa.— Occasional. 
Oyanurus  cirlBtartuR — Bi.vk  J  at — Very  common. 
PeriBOreuBoanadensls.— Cafaua  Jay— Met  with  fh^uently  about 

Lake  Saperior. 
Tyruinus  oaroUnensla— Kimo  BiRD—Common. 
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131.    Sayomla  fliBoua — Phcebe  Bird — Common. 
Vi'i.    OontopuB  borealis— Olivu-aidhd  Fi.vcatch 

flyuitcher — breeds  here. 
134.    O.  Tlrena— Wood  Pbwkk— Quite  <a 


ia5.     atralUi— Tk.vii,i' Flviatchkb— Rare. 

138.  E.  mlnlmuB— Lkast  FLTCTC.tBR — Not  common. 

1:17,    B.  flavivantris— YbiLLOW-Bti.LKii  Flicatch  bu— Not  abumlant.  but 

fairly  repreaented.  * 

l*i.    Ohordallas  vlrslalaaus— Niuhthvwk— Commoa. 

139.  AntTOstomus  Tooiferus— WHippoonwtLi^-Cominon. 

140.  Ohoatura  palassia— OHtuxKr  Swipr— Abundant. 

141.  Troohllaa  oolabrU— rtfRT-THR>\TEi>  Hukuino~bird— An  average 

repreHentation. 

142.  O&ryie  aJojroii—KiNOPi>iiii':u— Common. 

1*J.    OoooyKus  erythrophtbabnus— Black-billbd  Cickoo— Common 

144.  O.  amerioana— Ybuww-bii.i-kd  Cuokoo— Not  common. 

145.  HylatomuB  pUeatus— PiLEATBu  Wuodpbckek— Not  an  Hbundtwt 

bat  fairly  repnwented  species. 

146.  Pioue  vllloeus— Hairt  Woudpbckbr— Common. 

147.  P.  pubeaoens—DowNv  WooupI'X'kbe— Not  quite  mn  common  a^i  the 

148.  Plooidle  arotious— Bl.vck-backbd-Thrub-tobd   WooupBrKKu~A 

rari!  winter  species , 

149.  Spbyrapious  varlus. — YKLix)w-BKLLiiiD  Woodpkckkk — Not  very 

abundant. 

150.  Melanerpea]  erTthrooephalua. Keu-hkaugii  Wooufeckbh — 

Very  common  in  eections. 

151.  Oolaptes  auratua.— UoLDBK-wiNai-^D  Woodpecker — Very  com- 

1-52.  Strlx  flamea  var  amerloana— Barn  Owl.— In  a  former  list  1 
erroneously  reported  thisjowl  as  common. — It  in  a  very  rare  species  hen- 
altiiough  Hereral  have  been  obtained  by  collectofn. — No  nests  as  yet 

153.  Bubo  virarlnianua.— Qkeat-horkkd  Owi..— Common . 

154.  SOOpa  aeda- Sc-KKEcH  Owi.— Not  very  common. 

l.'»5.    OtUB   vulffaris  var  wUBonlanuB.— LoNO-b^AiiKi)  Owj^.—Kather  u 
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156.  Braohyotus  palvistrle.— Shokt-eahbd  Owl.— Not  mre. 

157.  SyrQium  oinereum  — Grkat  Gray  Owl — Thin  hajire  speiinn  is  utrt 

very  common  in  MmneBOtn. 

158.  8.  nebnlofiom — Bakard  Owl — generally  found  in  siinimer  wheu  it  if 


I-W.     Nyotea  nlvea — Gkkat  Whttb  Owl— Seen  frequently  iu  winter. 

160.  Surnia  ulula  var  hudsooia- H  vwk  UwL~Oflcii  collected  in  early 

spring. 

161.  Hyotale  telgmalmi  var  liohardsoni— -Kiciiardhun'h  Owr.— nei- 

ther common  nor  very  rare, 

162.  N.  aoadioa— Saw-whbt  Owl— Frequently  seen  in  the  foreata. 

163.  Olraus  oyaneus-var  hudBoniuB- Marsh  Hawk— The  commonest 

of  itn  eastern  f&mily. 

164.  Hauolerua  ftiroatua— Swallow-tailed  Hawk  oh  Kite— Oft«n  aeen 

in  the  clenseBt  forestB. 

165.  Aooipiter  ftisous.— Shari'-shinned  Hawk— Qiiit«  common,  bnt  lees 

so  than  the  next  specie.''. 

166.  A.  OOOparit— Cooi'ERH   Hawk- Breeds  here  eitentively. 
—  Goshawk — Not  aljuudant.   but  litirly   reiirc- 

168.  Faloo  STTtaioo  var  labradora.— Gkkkaix.hk- Rare. 

169.  P.  ootmnunis.— Duck  Hai 

is  often  seen. — Breeds  ii 

170.  P.  oolumbariua.— PioKON  Hawk.— Kather  rare. 

171.  P.  riohardsonii- BiciiAnneoN's  Fa uos.— Occasional. 

172.  P.  aparveriua.— Sparriiw  H.iwk,— Very  common. 

173.  Buteo  boroalls.- KED-TAtLRi)  Hawk.— Common. 

174.  R  UneatoB.- Hed-shouldkred  Hawk,— Not  so  common  a.s  the  Kcd- 

tailed  Hawk. 

175.  B.  Bwalnaonii.— SwAjNHO.s's  Hawk,— Not  uncommon  in  the  west  part 


177.  Arohlbuteo  lasopoa  var  Banoti-johannea— Kaiv. 

178.  Pandion  halicetue.— Osprev  im  Fiph-iiawk.— A  nioderatirly  repr* 

Rented    Hpeciea. 

179.  Aqulla  oliryBSBtua— Golden  Eaole.- Rare. 

180.  Halicetus  leuoooepc^us— Bald  Eaule— Common. 

181.  CatharteBaura.— TiRKEY  Bumabd— Not  c 
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182.  Botopistes  tnisratoriuB.— Wild  PmBON— Extremely  variable— nev- 
er Ignite  abiindtuit. 

1*1,    Zeuadura  oaroUnenslB.— Common  Dote— Common. 

1S4.  MelsBgrls  sallopavo  var.  amerloana.— Only  found  in  )bc  extreme 
soulliwestem  part  of  the  State  and  then  verj'  rarely. 

18.'>.  Tetarao  oanadenala.— Cakai>,*  Grouhk— Northeaatem  part  of  the 
State. 

186.  PedlcBoetes    phaslanellus.— Sharpt.iii.kd.  oROimR— Common    in 

nortbeaetem  and  northern  portjonx. 

187.  Oupidonia  onpida— Piknated  (jbovbe— Commom. 

188.  -Boiiaaa  mnbellus.— Rl-fped  Ohuui^e— Common. 

189.  LagopuB  albua— Wiux)w  Ptarmioan— Rare. 

I  but  not  yet 

Squatarola  helvltloa.— Bi.ack-bbli.ikd  Plotkr— Rattier  common 
in  both  migrations. 

OtaaradriuB  fulvus  var  virarlnianus.— Golden  Ploveh— Abun- 
dant in  migration. 

.XIslalitiB  vooiferuB. — Etu.nBRK  Plover — Common. 

A.  semipalmata.— RiNo  Plover— Fairly  common. 

StrepailaB  interpree.^TrRNBTONB- — Not  common  but  well  identi- 
fied. 
Beouvirostra  amerloana.— Avocbt— Hare  or  not  common. 
HlmantopuB  nlsriooUia.— Stilt— Not  very  common,  nor  jet  wie. 

St^ranopus  wlleoiiil- — 'Wii:S<)n'»i  Phai.arofe — A  moderately  rep- 
resented speeies. 


Phalaropus  fUlloarius.- Red  Fhalakope— Rare. 
Ptallohela  minor. — Woodcock — Not  abundant,  yet  frequently  seen. 
GMlinaso  wilsoolL — Wii^on's  I^nepk — Common. 
MaororhampuB  (friaoua.— Bi-mj-brkabted  Snipe— Rare. 

I  hlmantopuB.— Stilt  Sandpipkr— Occasionally  seen 

BpuBiUua— SEMrPAi.MATED.  Sakdpipkr— About  Mme  a 
last. 
Trlnca  minatiUa.— Lrabt  Sandpiper— Common. 
T.  maoulata.— J.^CK  Skife — Ckimmon. 
T.  alptna. — Red- BACKED  Sandfipbr — Cominon. 
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208.  Oaledris  arenarla.— ^<anderi.ikg— Rare. 
209."'LlmoeaflBdoa.~(TREATHARm.F.i)GoNKBT— Not  rare,  lint  noted 

except  in  the  extreme  northwest  part  of  the  State. 
210.'"rotanuB  Bemlpalmata.— Wii,T.iiT~Same  as  last. 

211.  T.  m«lanoleiiouB.—(iH RATER  Tbi.i.talk— Not  rare. 

212.  T.  flaTlpes.— Lbhhbr  Tklltai.k— CommMi. 

213.  T.  soUtaiiua— ISoi.it ART  Sandpiper — Rather  common. 

214.  Trln^roldoB  maoularlus.— Spotted  Sandpiper — Common. 

216,  Trjmgites  nifisoena— Biikf -rreasted  Sandpipkr— Rather  nxe. 

216.  Humenlue  lonslrostriB.— LoKn-HiLT.En^'CuKi.Ew — Common  along 

the^Red  river. 

217.  N.  hudsonlouB. — Hudminian  Curlew — Less  common. 

218.  N.  borealla— EMt(uiMAiix.CuRi.Ew— Not  rare. 

219.  Ardea  herodlus. — Great.Blite  Herom  —Common. 

220.  A.  ©B^^tta-— Whitk  Hbron— Occasional. 

221.  A.  oandadlBsima.— Snowy  Hehom— Very  rarely  seen. 

222.  A.  Tlrefloens.— (jitEEN  Heron— Common. 

228.  Hrotiardea  griaeaivar..n»'7ia.— NroHT  Hkrok— Not  rare. 

224.  Botaunoa  minor.— B(TTKRS—V'eri'  commOD, 

225.  Aradetta  exUia— Lbabt  Bittern— Common. 

226.  QTUBamerloana.- WhiteCrank— NotTeiy  i 

227.  Gr.  oanadeiiela— Sandhill  Crane— Common. 

228.  Rallua  elesana.— Kina  Rail— Occatrional. 

229.  B.^vlralnianua.— VrHciisiA  BAii.—Common. 

280.  Poraana  oaroUna.— Sora  Baii/— Very  common 

281.  P.  noTeboraoenais.— Yblixiw  Bail— Rather  ra 


283.    Fulioa  amerioaua.— Coot— Abundant  throughout  the  Btate. 

2B4.    Oyffnas  buccinator.- Tri-upeter    Swan— Conunmi  in  migiatkm 
along  the  Red  River  where  it  breeds  to  nome  extent. 


—White,  or  Whibtlino  Swan — Common  in  »ome 

region B  where  it  breedti. 
Anaer  albifirone  var.  gambeUl.- White  fronted  Goook— Prafaa- 

bly  straggrlers  but  represented, 
A.  byperboreua. — Snow   Goohe — abimdant   in  th«  autumn  migra- 
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288,    A.  ocsnileoenB— Br.vK  GrxME. — Often  seen  in  the  Red  River  region 

in  migration. 
2!19.    Branta  bemiola.— Br.jirK   Bhast — Not  really  common  nor  spedallj 

240.  B.  oanBdadenBlfl.-~C'>UMON  Wild  Goo:<e — Aliundant. 

241.  B.  hutohlnsll— Hctchik'r  Gooet^-LeBs  cf 

242.  Aubb  boBohas. — Hallahs — Abundant. 

243.  A,  obBOura.— Bi^CK  Duck— Rather  ct 
S44.  Daflla  acuta.— Pintaii,  Duck— Oommon  in  its  migrationn, 

245.  Ohaulelasmusstrepenm.— G.tDWAi.i.  Duck— Common. 

246.  Mareoa  amerioanaWt  no  eon— Equally  common. 

247.  Querquedula  oarollnenslB.— (^iHEEK'WtNOKD  Teal — Abundant  in 

miffratioiiB  and  breeds  in  coneiderable  portions  of  the  State. 

248.  Q,^cU800r8.— Bi.rF.-wrNOBn  Thai.— Also  abundant  in  niigrations  and 

bieedB  here. 

249.  Q.  oyanoptera.— CiNNAifdB  Teai.— Very  rare  stragg'er. 

250.  Spatula  olypeata.— SirorKu.nR  nircE- Breedi  here,  and  is  common. 

251.  Aiz  apona. — Wood  Dvck — Abundant  breeder  here. 

252.  Puligula  marlla — Bi.i'b-uiu. — An  abounding  ept^eH  in  both  mitn^^ 

Hons'and  jirobably'bi'eeds  here. 
25.1.    F.  aflBnto.— Little  B lack -hkad— About  as  last: 
2-'>4.    P.  oollarlB.— RiNo-KECKEP  DtcR— Not  abundant  except  in  occflpional 


256.  F.  farina,  var.[amorioana—KED-nEAnDtTrK— About  like  the  lant- 

not  yet  certainly[ known  to  breed  here. 

257.  Buodphalaolanffula.—Goi.DRN-ETE. Duck— Not  uncommon  in  mi- 

gration. 
2.58.    B.  albeola— BvTTKH-BAU.  Duck— Abundant,  and  is  believed  tobreed 
in  the  northern  sei^on  of  the  State. 

259.  Harelda  slaolalia— Rmall  florks  occasionally  met  in  fnll  mteration. 

260.  (Bdemla  amertoana— Black  Scoti:- tare. 
■K — Not  very  common,  but  breed* 

262.    Merffua  merffanBer.— Shelt.dsakk— Ommon,  and  breeds  here. 
26S.    M.  Berrator.—RBn-HRRAKTRU  MBRnANesR— Also  common,  and  breeds 

2<H.    H-  ouroulatua— HooDRD  Mrh(ianbrr— Like  thu  last  two. 
and  breeds  kBr». 
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irAK— Common.  brpmJin(( 


Ghraoolusoarbo.— Common  Cormorant— rare. 

a.  dilOphuB.— DOI'BI.E-CREHTRD  CoRMOHAKT— More 


268.  Larua  argentatuB.— Hbhrina  Gvi.i.— Common  in  migiatii 

269,  L.  delawarenBis.— BiKG-mi.i.KD  fTt:i.L— Not  uncommon. 

269.  L.  trydaotyltia— KiTTiwAKK  Gur.i;— Not  common. 

270.  L.  atrioilla — Lai:<«hiki«  liriiL— RRpoi-teU,  but  doubtful. 

271.  L.  ftanklinl— Frakki.in'w  Gl-i,l— rare  but  ulentified. 
■272.    K  Philadelphia. — Bo.napartk'h  Gfi.i. — More  common. 

273.  Sterna  oaapla.— Caspian  Tbkn— Several  collected. 

274.  L.  torsteri— Forbtkr's  Tkrn —Common,  and  breeds  here. 

275.  8.  BuperoUiarlfl  var,  aatiUarum.— Lraht  Trrk— Not  i 

ably  breeds  here. 

276.  Hydroohelldon   larifOnnis.— Bt,.\(  k    Trrn— Very 

breeds  here  extremely. 

277.  Oolymbus  torquatus.— Ij)On— Verj-  common. 

278.  O- aeptentrlonalla.— RuD-TiiROATKn  Diver — Earc. 

279.  PodioepB  ooruntus.— HfiRNBD.GBEnK—Common, 
— Rbd-Nbckeo  (iKEbb- 

281.    Podilymbus  podioope.— Da bchiok— Common. 
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The  Winter  Birds  of  Minnesota. 


BY  THOMAS  S.  ROBERTS. 


Frof.  N.  H.   Winchell: 

The  question  is  often  asked  "How  many  kinds  ot  birds  are  there 
in  Minnesota  in  the  wintertime?*'  and  supplemented  not  infre- 
quently by  thp  remark  "uot  many, !  suppose."  There  seems  to  be 
no  more  nppropriate  place  for  the  answering  of  this  question  at 
length  lis  it  deserves  than  in  the  annual  report  of  the  survey. 
The  present  article  is  therefore  respectfully  submitted  aa  an  at- 
tempt to  list  our  winter  birds  so  far  as  they  are  known  to  the 
writer  at  the  present  time,  with  the  introduction  of  such  brief 
notes,  mainly  of  a  popular  nature,  in  regard  to  the  occurrence, 
habits  or  appearance  of  each  species  as  may  assist  in  its  identifica- 
tion or  be  of  interest  otherwise. 

The  much  greater  abundance  and  attractiveness  of  birds  in  the 
summer  season  is  very  apt  to  entirely  absorb  the  attention  of  the 
casual  observer  and  to  lead  to  the  almost  complete  neglect  of  our 
winter  birds;  especially  as  the  latter  are  greatly  diminished  in 
numbers,  are  comparatively  silent  and  are  largely  shielded  from 
observation  by  the  many  drawbacks  to  outdoor  investigation  in 
the  winter  time.  But  because  the  birds  do  not  force  themselves 
upon  our  attention  in  winter  as  they  do  in  summer  we  ought  not 
to  conclude  either  that  there  are  no  birds  present  or  that  they  are 
of  little  interest.  The  fact  is  that  while  birds  are  generally  far 
from  abundant  in  the  cold  season,  particularly  in  respect  to  indi- 
viduals, there  are  yet  agoodly  number  of  species  to  l»e  found  with- 
in the  limits  of  the  State,  And  among  the.'^e  every  lover  of  birds 
cannot  fail  to  find  a  numlier  which  are  of  much  more  than  aver- 
age interest.  Birds  which  are  attractive  either  in  themselves  on 
account   of  their  beautiful  or  varied   plumage,  or  by  reason  of 
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curious  and  perhaps  little  known  habits,  or  through  having  inter- 
esting personal  histories  recorded  in  the  pages  of  our  ornithologies.* 
The  only  opportunity  to  become  acquainted  with  such  birds  afi  the 
handsome  and  little  known  evening  grosbeak,  its  relative,  the  pine 
grosbeak,  the  elegant  northern  waxwing  or  the  more  common  but 
little  less  interesting  red-pol!  linnet,  snow  bunting  and  Lapland 
ioDgspur,  is  during  their  sojourn  here  as  visitors  from  their  far 
northern  summer  homes.  Moreover  those  birds  that  are  present 
in  the  summer,  have,  in  winter,  to  live  and  gain  their  livelihood 
under  greatly^changed  conditions  which  presents  them. to  the  ob- 
server in  new  and  generally  very  different  aspects.  The  winter 
then  offers  a  field  for  study  peculiarly  its  own — not  a  rich  and  al- 
most endlessly  varied  one  like  that  of  the  summer  and  transition 
seasons,  but  yet  a  field  amply  repaying  the  outlay  of  time  and  effort 
necessary  to  become  acquainted  with  its  prominent  features. 

A  word  may  be  said  here  in.  reference  to  a  noticeable  trait  of 
many  winter  bird.s  which  renders  their  observation  all  the  easier  if 
one  is  but  looking  for  them.  It  is  the  preference  often  shown  for 
the  vicinity  of  dwellings,  towns  or  even  busy  cities  over  the  wild 
and  unsettled  country.  The  jays,  grosbeaks,  waxwings,  sparrows 
and  even  hawks  and  owls  are  more  likely  to  be  found  in  the  near  vi- 
cinity of  human  habitations  than  elsewhere.  The  greater  ease  and 
certainty  with  which  food  and  shelter  can  be  obtained  is  no  doubt 
the  reason  for  this. 

The  probable  number  of  bii-ds  constituting  the  avi-fauna  of 
Minnesota  is  in  the  near  neighborhood  of  three  hundred.  Of  this 
number  about  two  hundred  and  seventy-five  species  have  thus  far 
been  collected  or  othei-wise  identified.  About  fifty  species  are 
known  to  occur  in  the  State  in  the  winter  months.  Of  these  a 
few  are  accidental:  some  are  rare  birds  everywhere  and  at  all  times; 
while  others  are  found  only  during  occasional  winters.  There  is 
scarcely  the  least  probability  that  all  would  occur  at  any  one  local- 
ity: nor  is  it  very  probable  that  the  whole  number  occur  within 
the  limits  of  the  State  during  a  single  winter.  An  experience  ex- 
tending through  several  winters  differing  in  character,  together 
^vith  a  residence  in  different  parts  of  the  State,  would  therefore  be 
necessary  to  form  the  winter  acquaintance  of  all  these  birds. 

*Enterl»lnliiK  uLtaunCn  of  all  the  blr<lH»i  brlefljineiiUuiiril  below  insy  be  lounil  by  r«l- 
treneptonucJi  wiirksas  Audirbrrr.Wllsciii's,  nni!  NuttairsOrnltholORiec,  Cone's  Birds  of 
the  Nortli west,  Balrcl,  Brewer  iiiiil  KJajpvHj'sBlrdii  of  Nortb  AmerlcaandnumerouB other 
mlDor  woil<9  of  a  mnre  papular  nature,  among  which  nitiybe  mentioned  the  writings  of 
John  BmrouKhfl.  The  lBtter's"WHkeKflbin"  Is  « little  book  full  ot  charming  bird  blag- 
raphlet. 
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For  the  purpose  of  showing  at  a  glance  the  manner  of  their  oc- 
curence, our  winter  birds  may  be  divided  into  groups  somewhat  as 
follows:  /"!>»(— Permanent  residents,  or  those  birds  found  in  the 
State  the  year  round;  Second — Winter  visitants,  including  such 
birds  as  come  into  the  State  from  the  north  to  pasH  the  winter  sea- 
son; Third — What  might  be  called,  adoptingaflorist's  t«rm,"HaJf- 
hardy  epecies,"  embracing  those  Mrds  found  regularly  during  mild 
winters  or  which  appear  during  mild  weather  in  the  latter  part  of 
January  and  in  February;  and  lastly,  a  few  species  that  are  purely 
accidental. 

In  the  following  lists,  the  specieis  belonging  to  each  of  these 
groups  are  given  in  their  natural  order.  It  should  be  said,  how- 
ever, that  in  the  case  of  two  or  three  species  the  positions  they 
hold  are  only  provisional;  as  for  esample  it  is  quite  possible  that 
both  the  hawk,  owl  and  goshawk  may  breed  in  the  northern  part 
of  the  state,  in  which  case  they  should  be  placed  among  the  per- 
manent residents  instead  of  with  the  winter  residents  as  below. 


PERMANENT  RKSIDENTS. 

ParuBatrIoapllluB,(Litiii.)(H;^CK-[-AppeD  Chickadee.) 

cheery  liUlei  bird  found  almont  everywhere,  and  known  hy  sight 
and  name  to  nearly  every  one  who  notices  birdv  at  all.  They  spend 
the  winter  in  amall  companies  which  rove  through  the  woods  and 
thickets  and  not  infrequently  appear  in  the  very  Cfntent  of  oat  cities 
and  towns.  The  eeverest  cold  neemn  only  h>  increai^e.  if  possible,  their 
activity  and  buKtle. 
Sitta  oftroUaenslfl,  (Lath,)  Wkitk-H blued  Ndthatch.)— A 
Rmall.  bluish,  black-capped,  vhite-bellied  bird  sometimes,  though  in- 
correctly, called  "sapsQcker."  In  common  with  the  following  spedes 
it  Hpendfl  its  time  creeping  over  the  linihB  and  trunks  of  trees  in  search 
of  food,  wood-pecker-like,  ttnd  so  is  often  regarded  as  a  smajl  member 
of  that  family.  It  is  not,  however,  related  to  the  woodpeckers,  and 
even  its  scaneorial  habits  it  wiU  be  found  by  a  close  observer  to  differ 
very  much  from  those  birds.  The  nuthatch  is  a  common  bird,  of  con. 
fiding  and  famiHw  habits  and  may  be  seen  regulariy  about  our 
streets  and  yards  as  well  as  in  more  retired  localities.  They  are 
almost  always  in  pairs  and  apporentlv  remain  constant  tiiroughout  the 
year. 

Sitta  oanodenals,  lAnn,.  Red-BeIiLibd  Notbatcb. — Smaller  than 
the  last  and  rnsty  colored  beneath.  Seldom  found  in  winter  in  the 
southern  part  of  the  state  where,  however,  it  is  trequent  in  fall  and 
25 
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spring.    &Ir.  T.  W.  Tripple  hax  recordeii  it  us  common  in  the  central 
part  of  the  state  in  December  1870. 

Loxla  leuooptera.  Gm.  Whitg-wikoed  Croasbill.— Apparently 
much  less  common  thiin  the  next,  from  which  it  may  be  di^tingruished 
bv  the  presence  of  two  white  bam  on  the  winR. 

Loxia  ourvirostra  amerloana.  ( Wils.)  Cones.  RicD-CROsgiiiLi..— 
The  crossbills  are  birdf  found  dmost  cxclasivelf  in  or  near  the  conifer- 
ous forPHts  of  the  State,  as  their  food  ie  largely  obtained  from  the  cone.-i 
of  evergreens.  The  name  comes  from  the  fact  that  the  upper  and  lower 
man dibivs  ai'e  curiously  crossed  somewhat  hke  the  parts  of  a  pair  of 
scLaaors.  It  18  this  stnicture  of  the  bill  that  enables  the  bird  to  remove 
the  seeda  from  among  the  rough  scales  of  the  conos.  The  present  spe- 
cies is  common  and  a  smell  flock  of  slrag^en  is  sometimes  seen  in  the 
neighborhood  of  Minneikpolis  and  St.  Paul,  away  from  their  usual  hab- 
itat. 

Paaeer  domeetlouB.  Knoi.ibh  Spakkow, — This  unwelcome  alien  ap- 
peared in  Minnexota  iu  the  fall  of  1876,  having  been  pi«TionBlf  introduced 
intoSt.Paul,  I  imdentand.  Ithasnotincreased  herein  itsusual  extraor- 
dinary manner,  owing  in  great  part.|doubttese.  to  our  severe  wint«Tsan(t 
late  springs.  At  Minneapolis  tbey  have  confined  themselves,  as  yet. 
entirely  to  the  business  part  of  the  city,  where  they  build  their  large 
unsightly  nests  in  all  conceivable  situutionx. 

OOTVUB  OOrax.  Linn.  Ravek. — Common  in  the  northern  nnd  central 
part  of  Ihe  State. 

Oyanurus  orietatus.  (I.hni.i  Sw.  Blue  Jat.— In  the  south- 
eastern part  of  the  State,  a  common  bird  familiar  to  every  one.  Of  a 
bold  and  inquisitive  dispoaition  the  Jay  forages  iii>out  our  door  yardii 
and  outbuildings,  prying  into  every  nook  and  comer,  but  never  forget- 
ting tor  an  instunt  to  be  on  his  guard  against  any  impending  dnnger. 

Periaoreua  oanadensls.  Bi/a.  Canada  Jay.— Abundant  and  well 
known  in  the  pineries  and  more  northern  parts  of  the  State  <inder  the 
varioiiH  names  of  moose  bird,  whisky  jack,  carrion  jay,  meat  bird,  etc. 
It  is  even  more  Iwld  and  fearless  than  its  blue-coated  brother,  and 
lives  about  'the  lumber  camps  and  farm  houses  on  Ae  most  intimate 
term*  with  all  connected  pith  the  culinary  department.  It  is  possessed 
of  a  ravenous  appetite,  and  ia  quite  omnivorous  in  tast«.  though 
scrape  of  meat  of  any  kind  are  always  preferable  morsels.  It  seldem. 
if  ever,  appeam  in  the  southern  part  of  the  State. 

Hylotomiu  pileatus.  [Linn.)  Bp.  Pileated  Woodpecker.— The 
Wgest  of  our  woodpeckers,  and  with  a  single  exception,  the  largest 
found  in  North  America.  It  is  nearly  the  sine  of  a  crow,  mainly  black 
and  with  a  gorgeous  scarlet  cap  and  crest.  "  Logiiock"  is  its  common 
appellation.  In  heavy  timber  throughout  the  State  it  is  a  rather  com- 
mon bird  and  stragglers  are  likely  to  occur  whenever  the  country  is  not 
actually  prairie  or  brush  land. 

Colors, 
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12.  Pious  pubesoens.  Linn.  Downv  Woodpeckeu. — Coaunon.    In  mark - 

iug  almost  exactly  tike  the  Inat,  bnt  only  about  one  half  the  nize. 
These  two  wookpeckem  perfoim  a  service  of  incalculable  value  to  maji 
by  the  untiring  warfare  they  wa^  upon  the  insects  destructive  to 
shrub  and  tree.  All  winter  lon^  they  may  be  seen  beside  the  walk, 
upon  the  lawn  or  in  the  more  retired  groves  of  the  suburbs  induH- 
triousty  at  work  upon  the  iniected  tree;  and  their  verj'  presence  proves 
the  existence  ol'  the  insects  or  their  eg^.  The  name  Sapsuker  is  ap' 
plied  to  these  birds,  but  it  is  not  deserved.  They  are  naturally  neither 
sap  or  bark  eaters.  The  real  culprit  is  the  yellow-bellied  woodpecker. 
Sphgrapeiaa  {rar^ouaj,  a  bird  that  drills  laig«  holes  entirely  throujrii 
the  JDncr  layer  of  bark  and  thus  allows  the  sap  to  nui  out,  oft«i  in  con- 
siderable quantities.  I  have  seen  sugar  maple  trees  tapped  in  this  way 
and  the  wbole  lower  part  of  the  trunk  of  the  tree  saturated  with  the 
sap  that  oozed  out.  The  bird  is  fond  of  the  sap  and  may  be  frequently 
seen  clinging  to  the  hole  of  the  tree  and  drinking  the  liquid  that  col- 
lects in  the  pimcturef.  The  yellow-bellied  woodpecker  is  not  a  winter 
resident,  but  is  common  in  the  timber  at  other  seasons  of  the  y«ar. 

13.  Plooides   arotlous  (Sie.)  Grag.    Ascrir  Woodpecickii.— A  rather 

common  bird  in  some  parts  of  the  State,  but  only  a  straggler  in  the 
Tidnity  of  Minneapolis.  It  displays  a  preference  tor  old  tamarack 
swamps  in  more  or  less  heavily  timbered  country.  It  may  be  known 
by  the  uniform  black  of  the  upper  parts,  a  square  yellow  patch  on  the 
crown  in  the  male  and  the  fact  that  it  has  but  three  instead  of  four 
toes.  Itj>  congener,  the  banded  woodpecker  {Picoid«i  Americantis)  U 
also  a  three-toed  species  but  the  back  is  banded  with  white.  I< 
has  not  yet  been  reported  from  Minnesota,  though  it  probably  occur?" 
here  rarely. 

14.  Bubo  vlrirliiiAiius  (Giii.)  Bp,— Great-horned  Owi,.— The  largest  of 

our  owls  with    '■horns" — tufix  of  lengthened  feathers  on  the  head. 

Frequently  met  with  in  heavy  timber. 
1-^.    Soopa  aslo  (Linn)  ityo.—ScitBEcii  Owf,.— Ismail  homed  owl.  al>out 

nine  inches  in  lengtii.     Apparently  not  common- 
ly.   Nyotale  axsadio&iGm.  j    By*.— Acadian  or   Saw-whkt  Owl.— A 

diminutive  bird  only  aliout  seven  and  a  half  inches  in  length.    Not 


17.  Aquila  ohrrBaetOB,  Linn  .—Goudek  Eaole.— A  rare  bird  and  but 

little  is  known  of  its  occurrence  here  winter  or  summer.  It  is  intro- 
duced here  nnce  it  is  known  to  occur  in  the  summer  and  h  usually  res- 
ident where  found. 

18.  Haliaetus  leuoooephBluB.  (LinnjSar.      Wkite-headbd  ob  bald 

Eagle. — Occasionally  occurs  in  the  winter.  An  adult  bird  seen  dying 
over  Minneapolis.  Jan.  1,  1879.  (The  two  eagles  may  be  distinguished 
in  any  plumage  by  noticing  the  feathering  on  the  legs;  in  the  golden 
eagle  it  extends  to  the  base  of  the  toes,  while  in  the  bold  eagle  the  low- 
er part  of  the  tarsus  or  "shank"  is  bare.) 

19.  Tetrao  oanacleiiala.    Linn.    Canada  or  Spruce  Grouse.— Foimd'in 

the  everirreen  woods  of  the  northern  and  central  parts  of  the  State, 
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wheiv  it  is  rather  comnion.  It  is  generally'  unfit  for  food,  owing  to  the 
mnk  taste  and  odor  imparted  to  the  fleah  by  the  leave*  of  epnice  and 
other  erei'greenB  upon  which  it  feeds. 

'.  Pedioeoetea  pbaslaneUuB  oolumbtanus.  lOrd.i  Comb.  Sbarf- 
TAILED  GnoueE. — Common,  except  in  the  eouthesBtem  part  ol  the 
State.  Not  found  about  St.  Paul  and  Minneapolis,  except  BccidentUly . 
It  is  an  excellent  food  bird,  the  flerh  being  lighter  in  color  than  that  of 
the  prajrie  hen  or  pinnated  grouse.  Tt  may  be  readily  distinguished 
from  the  latter,  not  only  by  the  oiarked  difterence  in  the  pattern  of 
coloration,  but  by  the  presence  of  two  lengthened  feathers  in  the  cen- 
tre of  the  tail,  ftora  which  character  it  takes  its  name.  Great  num- 
bers of  the  sharp-tailed  game  are  sold  in  our  markeU  every  sea^m. 

.  Gupldcmia  oapido  (Linn.)  Bd.  Pikn.^ted  Grouse.— Found  throngfa- 
out  the  State  where  not  timbered,  except,  perhaps,  a  nnall  area  in  the 
northwestern  part.  As  winter  approaches  the  pinnated  grouse  collect  in 
vast  flocks,  called  "packs",  and  during  severe  seasons  many  apparent- 
ly retire  to  the  com  fields  and  milder  climate  of  Iowa. 

!.  Binasa  umbelluB  (Linn).  Steph.  Rdpfkd  Grouse.— Common,  and 
well  known  t^  both  the  names  pheasant  and  partridge,  neither  of 
which,  however,  belong  properly  to  this  bird.  The  ruffed  grouts  has 
greatly  decreased  in  numbers  in  the  more  settled  parts  of  the  Stat« 
during  the  last  few  years. 

t.  Ortyx  virBiliiaaus  {Linn.)  Bp.  (^uail  Bob-white.— Bather  com- 
mon in  the  southern  part  of  the  State,  but  our  severe  winters  and  con- 
tinuous snows  prevent  them  becoming  very  numerous. 

WINTER  VISITANTS. 

1.    AmpeliB  ^aiTuluB   Linn.      NoHTMERN    Waxwikg.— An    irregular. 

though  at  times  abundant  visitor  from  the  north.  It  usually  appears 
in  the  northern  part  of  the  State  from  November  15,  to  Ueceraber  15, 
and  remains  until  flie  middle  or  lattqr  part  of  April.  (April  25,  1876; 
April  12,  1877;  April  14,  1880.]  *  it  sometimes  appears  in  abun- 
dance in  March  and  April,  when  it  has  not  been  seen  during  the  jmc- 
viouB  winter,  as  in  the  spring  of  1877. 
They  associate  in  flocks  often  of  large  size,  and  during  their  stuourn 
here  live  chiefly  about  our  towns  and  cities,  being  quite  tame  and  nn- 
Buspidoue.  Their  beautiful  crest  and  rich,  smooth  plumage  gives 
them  a  jaunt?,  trim  appearance,  which  lias  brought  them  into  moie 
general  notice  than  perpaps  any  other  one  of  our  winter  birds.  The 
resemblance  between  the  northern  waxwing  and  the  common  cedar  or 
cherry  bird  is  so  close,  that  many  persons  are  only  convinced  that  they 
are  distinct  after  a  close  comparison  of  specimens.  The  present  Inrd 
is  larger  and  darker  than  its  summer  repiesentative  and  has  on  the 
wing,  in  addition  to  the  i«d  wax-h^  appendages,  common  to  both 
spedea,  considerable  white  and  ofren  vome  yellow  markings.  The  tw» 
spedes  may  sometimet  be  seen  in  early  spring  associating  together  in 
•  WbennolooailtrlsspecUlMii  dates  reter  M  the  vicinity  of  Htnneapolls. 
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the  name  flock.  The  food  of  the  northern  biii^s  while  here  consists  of 
mountain  ash  berries,  wild  grape?,  fmilai  benies,  woli-berries,  high- 
bush  cranberries,  decayed  fruit,  especially  apples,  thrown  out  from 
stores  or  kitchens  and  such  other  palatable  vegetable  lubstancefi  an 
they  con  find.  But  as  spring  opens,  their  food  becomes  largely  inaec- 
tivorous,  and  their  habits  accordingly  undergo  a  marked  change.  They 
ate  no  longer  so  ^miliar  or  such  frequent  visitois  to  back  yards  and 
alley  ways;  but  are  instead  much  more  retiring  and  refined  in  habit«. 
They  capture  the  insects  on  the  wing  in  the  manner  of  flycatchers,  and 
a  whole  flock  may  often  be  seen  thus  engaged  for  an  hour  or  more  at  a 
time.  Examination  has  shown  that  the  insecta  just  tak^n  consist 
mainly  of  minute  coleoptera.  thousands  ef  which  must  appear  in  the 
air  with  the  disappearance  of  the  snow. 

*5.  Hdspeiiphona  vespertina,  [Coop.]  Bp.  Evkvino  Gbobheak.— A 
quite  regular  visitant  hut  rather  local  in  distribution  and  limit- 
ed in  iiumbera.  It  generally  arrives  in  the  Mutheastem  part  of  the 
State  ill  the  early  part  of  December,  but  sometimes  much  earlier,  as 
iu  the  fall  of  1880.  when  the  writer  saw  a  flock  of  Ave  in  Isanti  Co.,  on 
Uct.  28.  It  is  one  of  the  last  of  the  winter  birds  to  retire,  remaining 
unually  until  the  second  or  third  week  in  May.  (May  17,  1876,  Mayffl, 
1877.  May  18,  1879.) 
■  I'inj  male  evening  grofltieak  is  a  beautiful  bird  being  arrayed  in  a  plumage  ot 
black,  white,  yellow  and  a  peculiar  "'dusky  olive."  the  colore  hand- 
somely contrasted  or  evenly  shaded  the  one  into  the  other.  The  fe- 
male is  much  plainer,  but  the  species  may  always  be  recognized  by  the 
short  but  very  large  conical  bill,  which  ic  generally  greenish  hom 
color. 
i.i\x  tlie  wawingB  tbe  grosbeaks  appear  to  court  rather  than  shun  the  society 
of  man.  They  are  very  tame  aud  will  spend  an  entire  season  about  a 
city,  having  their  headquarters  at  some  central  grove  and  frequenting 
the  busiest  thoroughtares  to  feed  with  entire  unconcern  upon  the  box- 
elders  planted  by  the  walk  as  shade  trees.  It  is  from  the  kepi  of  the 
box  elder  and  sugar  maple  that  they  derive  their  chief  sustenance,  and 
it  is  surprising  to  see  the  adroitness  with  which  they  remove  the  tiny 
kernel  from  its  diy  husk  with  their  clumsy  looking  bill.  Their  princi- 
pal utterance  is  a  clear  piping  note  delivered  with  much  energy  by  male 
and  female  alike.  They  have  also  a  weaker,  screaming  not£  which 
usually  serves  as  an  accompaniment  orundertone  to  the  general  choral 
performance  which  is  their  most  common  way  of  expressing  themselves 
when  settled  in  Bome  quiet  spot.  As  a  friend  remarked  upon  listening 
tor  the  first  time  to  one  of  their  unit«i  efforts,  the  general  effect  is  verj- 
much  like  that  produced  by  a  lot  of  trogs  piping  in  a  woodland  marsh 
on  a  still  summer  evening.  There  is  an  unread  chapter  in  the  history 
of  the  present  bird,  which,  together  with  the  &ctthatitis  nowhere 
very  common,  causes  it  to  be  of  more  than  usual  interest  to  the  ornith- 
ologist. Its  next  and  to  a  great  extent  its  summer  home  and  habit~ 
are  as  yet  unknown. 

J6.    Pinloola  enuoleator  (/.txfij  Coi, —Pikk  Gkosbeak— A  bird  a  httlc 
less  in  size  than  thi'  robin;  slate  colored,  with  l)i-a«sy  j'ellow  or  reddish 
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on  the  bead  and  nimp  in  the  female  and  immature  birdie,  but  theadulfe 
mule  carmine  red  nearly  Uiroughont  when  in  full  plumaire.  It  is  of  ir- 
regular occiirrence,  beingquit«  numerous  some  winters  and  thenalmost 
entirely  absent  for  several  winters  togetlier.  During  tbe  winter  of 
1874-5  they  were  common  in  flockfl  about  Minneapolis  and  were  quite 
well  represented  durii^  the  winter  jviat  passed  (1880-1).  Thpy  appear 
in  the  latter  p«l  of  NoTeniber  or  early  in  December  and  leave  in 
March(Mar.  i:i,  ISTSiMai-.  7,  1879).  They  have  a  mellow,  sweet 
whistle,  aud  while  here,  a  low,  subdued  song.  Their  food  comiistB 
largely  of  sumach  berries,  mountain  ash  berries,  high-b^sh  (cranberries, 
ett.,  but  it  is  the  seeds  not  the  pulp  of  the  berries  of  which  they  are 
fond.  They  reject  entirely  the  pulp  of  the  high-bush  cranberry,  sira- 
pty  pressing  out  and  eating  the  single  broad,  flat  seed. 

.Aigiothus  Unarla  (Linn)  Cab.  Red-poll  Linnet— A  sprightly  lit- 
tle bird  with  a  black  chin  patch  and  a  dark  crimson  on  the  top  of  the 
head  with  sometimes  a  rare  red  plush  over  the  entire  heart.  It  ia  Tery 
abundant  some  seasons,  t^ipeaiing  in  large  flockx  and  frequenting 
weedy  fields  and  tamaj^ck  swamps.  They  appear  about  the  first  of 
November  aud  remain  until  the  middle  of  April)  April  18,  1875). 

FleotTOpbanOB  nivalis,  iLinn.j  Meyer.  Hsovi  Bukti wo. —Common. 
Generally  most  numerous  in  late  fall  and  early  spring.  .Arrives  in  tbe 
latter  part  of  October  (one  taken  Oct.  16,  1875]  and  generally  leaves  in 
April,  though  stragglers  are  sometituen  found  in  May  (a  pair,  male  and 
female,  apparently  mated,  taken  at  Minneapolis  May  14, 1875,  and  one 
seen  May  5, 1876).  A  bird  a  little  te^s  in  size  than  a  bluebird,  plumage 
much  variegated  with  black,  white  and  and  reddish  brown  in  the  fall 
and  winter  but  becoming  uiainly  black  and  white  in  sharply  defined 
areas  in  spring.    Breeds  within  the  Arctic  Circle. 

Pleotrophanee  lapponious,  ILinn.)  Selbg.  Lapland  Lonbspub. — 
Similar  te  the  laat  but  much  darker  in  color,  llie  hind  claw  is  very 
long,  from  which  comes  the  name.  The  snow  bunting  and  Lapland 
longspur  are  highly  gr^[arious  birds  aud  during  iJie  fall,  early  spring- 
and  mild  winters  they  often  occur  in  countless  thousands,  fVequenting 
piairiea  and  fields  where  they  feed  upon  the  ends  of  grasses  and  weeds. 
The  longspur  appears  in  Hennepin  Co.  as  early  as  September  (taken 
Sept.  29,  1875 ;  aeen  Sept.  30,  1880)  and  leaves  in  late  April,  though 
hke  the  snow  bunting  it  is  occasionally  found  in  May  (three  taken  Mav 
3,  1875,  and  a  flock  seen  May  11,  1877). 

Splzella  montioola,  (Gm.)  Bd.  Trek  Sparrow.— A  small,  brownish 
biid  with  a  dark  spot  on  the  breart  and  an  unbroken  rufiiB  crown 
pateb.  An  abundant  migrant  spring  and  bit,  and  some  of  the  haidier 
birds  remain  here  in  sheltered  places  through  the  winter,  though  they 
are  most  noticeable  mild  seasons. 

Sumlum  olneraum,  «;»i.)^uif.    Great  Ghav  Owi..— 
hornless  owl  occasionally  taken  in  the  state,  but  far  from 

Nyotea  aoandiooa,  (LinH.)  Neirt.  Great  Wkitj:  ok  Snowt  Owl. 
— A  well-known  and  wary  bird  which,  while  not  exactly  common,  id 
yet  generally  and  regularly  distributed  in  open  country.     Taken  »t 
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HinneapoliB  Oct.  15, 1876,  and  ataye  wmetunes  in  the  southeni  part  of 
the  state  until  tlie  eecoiut  week  in  May. 

^.  Sumla  ulnla  budsonla,  (Om.)  Coues.  Hawk  Owl.— A  medium-sized 
owl  of  diurnal  habits.  So  far  ae  noticed  it  is  oncomnion  in  the  BOuth- 
em  port  of  the  state,  though  it  m^  be  more  nmnerouB  anil  breed  in 
the  northern,  timbered  port.  Token  at  Minneapolis  Oct.  31, 1876,  and 
again  Dec.  I,  1876. 

Hi.  Astur  atrloapillua,  (WiU.)  Jard.  Goshawk.— The  hawk  generally 
seen  in  wiiit«r.  A  bold  and  powerful  bird  that  preys  largely  upon 
grouse  and  hares.  Seen  at  Minueapolii;  Oct.  9,  1876,  and  young  of 
year  taken  in  Lake  Co. ,  Aug.  26.  1879. 

S-'i.  BuoeplialalBlandloa,  ((iw.)  itif.  Barrow's  Iiolden-Eye.— A  beau- 
~  tifiil  black  and  white  duck  likely  to  occur  wherever  there  is  suitable 

open  water.  Several  years  ago,  before  the  noise  and  activity  became  so 
great  about  the  Falls  of  St.  Anthony,  a  fiock  of  these  ducks  used  to 
spend  the  winter  in  the  pool  below  the  cataract.  There  is  in  the  Uni- 
versity Museum  a  female  specimen  of  B.  ialandica  taken  at  Min- 
neapolis Jan.  13,  IS77.  Heretofore  the  Bueephala  occurring  in  winter 
has  been  regarded  as  riangula,  and  while  it  is  highly  probable  that 
that  tipecies  does  occur  during  the  winter  months,  the  only  winter  spec- 
imens that  1  have  examined  thus  far  is  referable  to  islandica. 

86.  Horelda  gUudelda  (Liiio.)  LrorA.— Loko-taii.ed  Di-CK--Occur«  on 
Lake  Superior.  I  have  in  my  collection  two  specimens  kindly  sent  to 
me  by  Mr.  Thoa.  W.  Mayhew,  of  Grand  Marais,  Cook  Co.  They  were 
taken  at  that  place,  one  April  12,  1880,  and  the  other  about  M^rch  1. 
1881.  In  answer  to  an  inquiry  in  regard  to  the  occurrence  of  the 
species,  Mr.  Mayhew  replied  :  "  They  are  not  considered  rare  here  in 
wint«r.  They  make  their  appearance  about  October  nearly  every  fall, 
and  will  remain  all  winter  if  the  Lake  ia  open ;  where  they  go  when 
the  Lake  freezes  I  cannot  say.  1  think  they  generally  leave  here  about 
May.    The  Indians  call  them  'jack  owly.' " 

ST.  (Bdemia  fusoft,  Swaim.  Velvet  Scotek  Coot.— On  two  occasions  1 
have  seen  ducks,  evidently  thia  species,  in  the  river  at  Fort  Snelling, 
once  in  January  and  once  in  April. 

■•  HALF-HARDY." 

All  the  species  (except  Laniua  borealis  ?)  here  included  under  this  head  breed 
in  the  State,  and  when  the  winters  are  mild  occur  throughout  the 
the  year. 

38.  Oertbia  fbjnlliarlB.  J,i"hb— Bnows  Crebper. — A  very  9uiiUI,  inconspic- 
uous bird  that  is  quite  generally  overlooked.  Maybe  known  by  its  small 
size,  dull  markinga,  and  habit  of  creeping  up  the  trunks  and  limbs  ot 
trees.  In  its  search  for  food  it  always  begins  at  the  Inse  of  the  tree 
and  paiees  apirali;  upward,  probing  eveiy  small  hole  and  crevice  with 
its  fine,  curved  bill.  Although  somebmea  found  when  the  weather  is 
quite  severe,  it  is  never  numerous  in  the  winter.  (Dec.  I'J,  1874  ;  Jan.  ■ 
19.  1877:  Feb.  23.  1878.) 
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■id.    Sremophlla  alpestrls  [Forai.)  Boie.—KoRKZD  Laek.— A  bird  of  the 

prairie  and  open  country,  recognimble  by  the  black  and  yellowish- 
white  markings  on  tbe  head,  and  black  ci«gcent  on  the  breast,  together 
with  its  quiet  and  uiiBUBpiciouH  nature.  It  frequents  roada  alongwhich 
it  collects  a  large  part  of  iU  food.  When  the  season  ia  faTorable,  th«- 
sometdmee  larks  appear  in  January,  and  by  the  laat  of  February,  have  be- 
come numerous  and  are  even  ptured  and  attending  to  nesting  dutiee,  a.s 
in  the  mild  February  of  1878.  They  can  endure  severe  cold,  and  their 
absence  in  early  winter,  or  sometime  the  entire  season,  is  due  mainly,  in 
■eems  to  me.  to  a  scarcity  of  suitable  food  while  the  snows  aresotrequent 
'  and  continuous.   As  soon  as  the  ground  becomes  bare  and  slightly  mellow 

in  patches,  however  email,  they  return  and  then  have  the  coldest 
weather  that  comes. 

40.  Laniufl  borealia  [ Fieill).— Gbrat  Northern  Shrike  or  Butcsek 

Bird. — A  bird  about  the  size  and  general  appearance  of  a  mocking- 
bird, except  that  it  is  stronger  built  and  has  a  powerful  hooked  and 
toothed  bill.  Hore  commonly  seen  in  spring  and  fall,  but  occaiiooally 
occurs  during  winter. 

41.  Carpodaoua  purpuireuB  (Gmi.)  Gcnj.— Purple  Finch.— Present  at 

Minneapolis  during  the  mild  winter  of  1877-8  and  occurring  lurelj' 
colder  seasons  (Feb.  20,  1876).  Hale  purplish  red,  except  vrings  ami 
tail :  female  and  young  dull-colored  streaked  ;  about  sis  inches  in 
length. 

42.  OlUTSoinltria  pinua  (Wils.J  Bp—PiSK  Likkkt.— A  small  dull  (ol- 

ored  bird  with  toncealed  sulphur  yellow  markings  on  the  wings  and 
tail.  Sumetimes  common  in  December  and  occuiTing  occasionally 
throi^hout  the  wmber.    (Dec  25, 1877.  Feb.  2.  1878.) 

43.  OhryBomltriB  trlBtris.    (Limt.)  B^.— Thistle  bird  Goldpisch.— 

In  winter  a  brownish  bini  with  black  wings  and  tail,  but  becoming' 
bright  yellow  in  spring.  It  has  a  querulous  note,  oft  repeated,  and  to- 
ward tpring  a  varied,  pleaHing  song.  It  sometimes  occurs  dnring-mtb- 
er  cold  winters  and  is  generally  common  until  the  middle  of  December. 
(Dec.  11,  ]«7:i.  Jan.  4,  1877,  Feb.  10,  1877.1 

44.  Jimous  hyemalls.    (Linn.)  Sol.    Snow   ihrd.— Dark  slatei'oloied, 

sharply  contrasted  on  the  breast  with  the  brighl  white  of  the  under 
parts.    Seldom  seen  during  unnter.    (Feb.  10,  1876,  Jan.  21.  1880.) 

45.  OorvuB  ameriotmus.  Bud.  Crow. — Sometimes  appearsinconsiderable 

numbers  in  t'ebvuarj-. 

46.  Buteo  boreoUs.  (Gni.)  Vieill.    Red-t.mleu  hawk,  hkk  h.xwk.— Un- 

common in  winter,  but  after  a  week  of  mild  weather  in  January  or 
pphruury  il  may  sometimes  be  seen  sailing  about  high  up  in  the  air. 

ACCIDENTAL. 

47.  Turdus  migratorius.  Linn.     Boris.— Have  heard  of  one  hardy-diapo- 

sitionefl  binl  that  successfully  parsed  the  winter  of  1877—8  about  the 
I'lirm  of  Mr.  J.  H.  firimny,  near  Minneapolis.  Tiie  seawin,  however, 
wa«  umi=imlly  niild. 
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^.  Anothura  trofflodytee  hyemallB.  ( Vieill.)  Cones.  VVintek 
Wren. — I  am  not  quite  positive  about  this  species  as  a  winter  bird, 
but  think  that  I  have  somewhere  a  record  of  ite  occurrence  in  Febru- 
ary, which  I  ciuinut  now  find. 

49.  QuiaoaluB  >  purpureua  ssueue.     Rid^. —Cuo-w  BL.tCKBiRD,    Occa- 

eionally  appears  in  thejiuidst  of  cold  winters,  eeeming  much  more  at 
home  than  would  be  expected.    (Flock  of  four,  Jan.  13, 1876.) 

50.  Ploa  meloooleuoa  budaonioa.    {Sab).  Couea.    Maopie. — A  single 

bird  of  this  species  was  seen  by  Ht.  Nathan  Butler  of  Minneapolis,  in 
the  southaestem  part  of  Steams  county,  about  1858.  Other  than  tbis, 
I  have  been  able  to  learn  nothing  definite  in  regard  to  its  occurrence. 
although  it  is  a  bird  not  easily  mistaken  or  overlooked ;  being  fifteen  to 
twenty  inches  in  length,  mainly  blaek  with  white  markings  on  sides 
below,  and  with  an  eioeedinffly  lontc  tail,  the  feathera  of  which  difl'er 
much  in  length. 

51.  OaUlnago  wHsonl    {Temm.)  fl;i.— Wri.sONs  Snipe.    Jack  Snipk, 

— 'Individuals  sometimes  remain  about  spring,  runs  until  the  middle  of 
December  or  even  into  January  the  coldest  wintera.  (Dec.  15,  187.5. 
Dec.  15,  1877.  Jan.  17.  18791. 

52.  Auaa  bosohas.      Linn.     Mai.labd  Duck.     1  have  been  informed  that 

this  duck  often  remaiiin  In  spring  lakes  along  the  Minnesota  River, 
and  I  have  myself  aeen  il  as  late  as*Nov.  28.  (1875)  after  a  month  of 
severe  weather.  , 

In  iiddition  to  the  fifty-two  species  ot  birds  mentioned  above, 
there  are  several  others  which  it  ia  more  than  probable  are  found 
in  Minnesota  in  winter,  but  as  the  writer  has  no  knowledge  of 
their  actual  occurrence  here,  they  are  not  included  in  the  present 
list.  Among  these  are  the  following  three  of  which  have  already 
been  attributed  to  the  state: — banded  three-toed  woodpecker. 
Tengmalius  owl,  red-shouldered  hawk,  ptarmigan  and  two  or  three 
waterfowl  that  probably  occur  oa  Lake  Superior.  But  even 
though  this  list  be  not  entirely  complete,  it  may  serve,  perhaps,  to 
convey  some  idea  of  the  nature  of  our  winter  avi-fauna  or  to  fix 
the  proper  names  of  a  few  of  the  birds  around  us. 

Thos.  S.  Roberts. 

Minneapolis,  Minn.,  March.  1S81. 
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APPENDIX  A. 


DETERMINATION    OF    LATITUDE  AND  LON- 
TITUDE    IN    MINNESOTA. 


Office  of  U.  S.  L»kk  Sukvey  i 

Detroit,  Mich.,  Dec.  3,  1880. )" 

Prof.  N.  H.  Wintkell,  Stale  attlogitl.  Uinntapolis.  Mixit.: 

Sir: — Your  letter  of  the  26th  ultimo  requeBting  latitudes  and  longftitudes  of 
tiointa  is  Minnesot&haB  been  received.     Absence  has  delayed  an  earLer  replj. 

In  the  following  list  the  longitudes  depend  on  that  adopted  for  the  I^e  Sur- 
vey Observatory  at  Detroit,  as  83°-03'— 03'60.  The  latitudes  wete  de- 
termined directly  by  observations  made  with  Zenith  telescope,  eicqit  the 
cupola  of  the  Cniversity  wher«  both  the  latitude  and  longitude  depend  upon 
obserrations  made  at  St.  Paul. 

LATITUDE. 

Prliuarv  trltuigolatloii  slMlon  Nortli  Base,  on  Minn.  Point 

near  Dulutb 4S°-<II'— tt.3I  W-OI'— SS.BO 

BaatcilycomerCuatom  House, St.  PMili M^-tV—iaM  S3°-<»'— M.oa 

Cupola  University  or  Hinn.,  Hinnei^Hilie I4°-W— W.2B  9S°-14'— ID.SS 

Astranomlcal  Post,  Court  House  Yard,  RedWtns 

HplrcCnthollccburcb,  Redwing 

Very  retpectfully  yours, 

C.  B.  C0M8TOCK, 

Major  of  Engineers,  and  Brig.  Gen.  D.  S.  A. 
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APPENDIX  B. 


THE  CUPRIFEROUS  SERIES  IN    MINNESOTA. 


BY  N.  H.    WINCHELL. 


Ifrom  the  Profceduig*  ()f  the  American  AmocUUtaii  for  the  AdiyiMtmeia.  iff  Seimtefnr 
iseo]. 

The  red  shales  and  8aiidBl<mea  mterstratified  with  the  iicneous  rocka  of  tlie 
(-upriferouB  Berien  along  the  shore  of  Lake  Supenor  m  Minnesota,  show  various 
tages  and  kinds  of  metamorpbism.  While  in  some  places,  aa  at  Good  Harboi 
bay,  they  are  not  much  changed  b;  contact  with  the  igneous  layers  sepamting 
them,  in  other  places,  they  show  9.  broken  stratification,  and  a  tough  and  tilice- 
ouB  texture,  as  at  Tischer's,  near  Duluth,  where  these  beds  are  finely  and  angu- 
larly jointed,  have  a  red  color  and  sometimes  a  jaipery  or  conchoidat  fracture. 
In  other  places  they  take  on  a  dnll  brown  color,  passing  to  a  greenish-brown, 
becoming  slaty  and  firm,  or  when  in  eloae  proximity  to  igneous  dikes,  becoming 
black,  dense  and  basaltiform,  as  at  points  east  of  Grand  Marais.  In  the  segre- 
gation of  mineraJs,  the  first  to  appear  are  calcite  and  1aumontit«.  These  are 
disseminated  with  varying  abundance  through  the  shaly  layeis,  as  well  as  ' 
through  the  aJnminons  and  red  conglomerates,  as  seen  at  the  mouth  of  the 
Hanitou  river  and  at  namerous  other  places.  They  gather  in  seams,  or  in  cer- 
tain parts  of  the  mass,  or  in  the  form  of  amygdules  throughout  the  thickness  of 
the  exposed  layers.  This  formation  of  laumontitic  amygdaloids  is  particularly 
noticeable  in  those  layers  whose  thickness  is  from  a  foot  or  two  to  twenty- five  or 
thirty  feet,  and  sometimes  several  may  be  seen  alternating  in  the  same  bluff,  oi* 
in  a  few  rtxls  along  the  shore,  with  beds  of  undoubted  doleritic  rock,  as  on  the 
west  coast  of  Agate  bay,  where  may  be  seen  live  layers  of  igneous  rock  with 
four  alternating  layers  of  crumbling,  thm-bedded  laumontitic  amygdaloid,  styled 
''volcanic  grits"  by  Norwood. 

These  amygdaloids  are  veiy  susceptible  to  the  destroying  action  of  the  waves 
and  of  the  atmosphere,  and  their  disinteeration  is  the  immediate  cause  of  many 
of  Oiepurgatones  and  isolated  arched  beds  of  traprock  that  ornament  the  north 
ehoi^  of  lake  Superior. 
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When  the  source  and  fiupply  of  the  heat  were  more  continuous,  involving  gmx- 
er  thicknesses  of  the  sedimentarfbedB,  the  siliceous  material  wae  more  thoroughly 
tiixed  and  disseminated  among  the  other  elements.  The  more  limited  supply  of 
air  and  water  at  these  greater  depths,  seems  to  have  produced,  at  least  is  cchii- 
cident  with,  a  greater  abundance  of  felapathic  material,  instead  of  calcit«  and 
the  hydrous  zeolites,  throughout  the  sedimentary  layers.  Thus  the  whole  i* 
sometimea  changed  to  a  non-differentiated  ferruginous  fetaite.  When  the  pro- 
cess was  carried  a  little  farther,  crystals  of  red  orthoclose  appear  in  the  mass,  or 
of  orthodase  in  the  form  of  translucent  adularia,  as  in  Uie  rock  of  the  "great 
palisades."  When  the  metamorphism  is  carried  still  farther,  involving  in  its 
slower  progress  large  thicknesaes  of  Uie  red  sedimentary  shales  and  sandstonet, 
tbep  become  almost  wholly  crrstalline,  as  seen  in  the  red  bluff  that  incloses 
Beaver  bayou  tbe  west,  and  in  the  red  gramte  bluff  a  few  miles  east  of  Beaver 
bay.  The  relationships  of  these  changes  with  one  another,  and  to  the  igneoun 
rock,  are  evident  at  numerous  places  along  the  shore  between  Dulutli  and  Grand 
Portage,  and  on  Isle  Boyale;  and  their  significance  and  appUcation  to  the  strati- 
graphic  geology  of  the  northeastern  part  of  the  state  are  very  important.  On 
passing  inland  from  the  lake  shore  back  of  Grand  Marai^,  and  up  the  Devil's 
Track  and  Brule  rivers,  the  rad  semi-metamorphic  slates  of  the  shore  cun  be  fol- 
lowed over  a  wide  extent  of  territory,  gtaduallj'  becoming  more  changed  anil 
crystalline,  in  receding  iron  tbe  lake  shore.  They  pass  into  red  granite  iu<l 
gneiss  (faomblendic)  which  -rises  in  conspicuons  hills,  and  shows  perpendiculai 
«zposure8  along  tbe  lakes  and  streams,  sometimes  several  hundred  feet  high,  a^ 
at  Brul£  mountain,  and  at  Misquah  lake  (T.  64.1  W.,  Sec.  22).  In  some  places 
this  highly  crystalline  condition  of  this  red  formation  is  seen  to  give  place  snd- 
denly  to  areas  of  igneous  rock  of  a  dark  color,  and  showing  a  very  different  min- 
.«ral  composition,  and  then  to  return  again.  This  takes  place  sometimes  on  th>' 
high  hills,  the  two  kinds  of  rock  alternating  superficially  in  irregular  patches,  a^ 
at  Duluth,  and  at  Duck  laka  and  Frog  Rock  river  on  the  porta^  trail  from 
Little  Saganaga  lake  to  the  bead  waters  of  the  Temperance  river,  in  the  DOrth- 
eastern  corner  of  tbe  state.  Sometimes  the  tilted  red  sedimentary  beds  seem 
to  be  overlain  by  the  igneous  rock  and  sometimes  underlain  by  it.  the  red  rock, 
when  consisting  of  sandstone  at  tirsl.  having  been  hardened  into  a  quartzite. 
Several  tilted  red  quartzite  hillB,  very  similar  to  the  quartzile  hills  at  New  llni 
and  in  Cottonwood  and  Hock  comities,  occur  in  this  connection  at  Duck  and 
Wind  lakes,  their  relation  to  the  igneous  rocks  being  most  perfectly  exemphfied. 
Sometimes  this  red  quortzite  becomes  mioaceoua  and  alao  felsitjc,  as  may  be  seen 
^t  Wind  lake.  The  great  extent  and  the  more  intense  metamorphism  of  thi- 
red  formation,  in  the  country  lying  to  the  north  and  west  of  Lake  Superior,  ac- 
companied by  larger  belts  of  the  igneous  rock,  more  coarwly  crystalline,  noi 
only  shows  that  the  seat  and  pource  of  the  igneous  action  whs  there  instead  of 
in  the  basin  of  the  take,  but  also  that  it  was  longer  continued.  It  implies  also, 
that  a  similar  modification  of  thasebeds  may  belooked  for  throughout  the  north- 
west, wherever  tbe  formation  is  known  to  have  been  upheaved  by  igneoQS 
forces,  although  tbe  igneous  rock  itself  may  be  wanting. 

Northwest  of  l«ke  Superior  the  igneous  rock  forms  the  main  watersheds, 
rising  in  two  main  ridges,  or  ranges  of  mountains  that  run  southwestwanUj. 
one  known  as  the  Menabi,  and  one  as  the  Saielrelh  iiiounlains.  though  the  for- 
ni''r  name  is  not  restricted  to  this  Wit  of  high  land.  The  width  of  the  belt  of 
ni"tamorphic  red  shalft*  and  sandrock.  associated  with  the  igneous  rock,  is  about 
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Uiirty  miles  in  a,  right  line,  eitcndiiig  from  the  head  waters  of  the  Brul^  and 
Temperance  rivers  to  the  ahore  of  Lake  Superior.  The  Sawteeth  range  ot 
tuoantoins,  which  is  that  nearer  the  Lake  Superior  Bhoi'e,  dies  awa;  in  passing 
to  the  southwest,  and  tlie  Mesahi  belt  of  igneous  outHow  approaches  the  lake 
shore,  appearing  at  Duluth  in  the  form  of  the  "Rice  Point  Granite."  The 
tilted  red  shales,  conglomerates  and  sandstAnes  at  Fond  du  IiBc.  a  few  miiea 
west  of  Duluth,  are  the  same  as  those  seen  iissociated  with  the  igneous  rock  all 
along  the  shore.  They  lie  there  on  a  white-quartz,  pebbly  conglomerate,  of  a 
lew  feet  in  thickness,  which  lies  unconformably  on  the  roofing  slates  of  the 
Huronian.  the  name  formation  that  succeeds  to  the  red  rock  formation  toward 
the  northwest,  at  Ogishke  Hnncie  and  Knife  lakes,  northwest  of  Grand  Maruis. 

The  mineialogical  characters  of  these  belts  of  igneous  rock,  which  form  some 
of  the  main  features  of  the  topography,  seem  to  ally  them  to  the  Norian  rocks 
of  T.  S.  Hunt,  and  to  the  Labradorite  rocks  of  Canada.  At  least  if  they  be  not 
the  western  eictension  of  those  formations,  then  those  formations  have  not  yet 
been  discovered  in  Minnesota.  But  several  traverses  have  been  made  of  the 
country  northwest  of  Lake  Superior,  for  the  purpose  of  geological  examinations- 
without  finding  anything  that  is  at  all  comparable  to  those  formations  if  it  be  not 
the  rock  of  these  hill  ranges.  The  rock  consists  generally  of  some  feldspar, 
which  at  Duluth  has  been  found  to  be  labradorite  in  large  per  cent.,  and  at  some 
places  constitutingovetninety  percent,  of  the  mass,  with  varying  proportions  of 
augite  or  magnetite,  or  magnetic  menaccanite,  with  various  accessory  ingre- 
ilients,  or  minerals  that  result  Avira  change.  It  is  massive,  firm,  dark-colored, 
and  rises  in  low  mountain  ranges,  at  already  stated.  If  its  relation  to  the 
red  granites  and  gneisses  wiUi  which  it  is  accompanied  were  not  so  evident,  by 
nimply  noting  bhe  changes  from  the  lake  shore  northwestwardly,  it  would  hard- 
ly be  presumed  to  be  a  parallel  of  the  igneous  rocks  of  the  coast,  any  more  than 
the  red  gneisses  and  quarteites  would  be  of  the  shales  and  sandstones  that  are 
interbedded  with  them  at  the  coast.  So  far  as  yet  examined,  these  Labradorite 
rocks  contain  no  bands  of  limestone,  which  is  due  probably  to  the  foct  that  t^e 
Cupriferous  Series  in  the  northwest  is  not  known  to  contain  any  beds  of  lime- 
stone. In  Uie  absence  of  this  element,  and  in  this  only,  so  far  as  can  be  judged 
by  tlie  writer,  these  Labradorite  rocks  seem  to  differ  fVom  the  Labradorite  rocks 
of  tlie  "  Upper  Laurentian  "  of  Canada. 

Tnferentially,  therefore,  the  so-called  "  Upper  Laurentian "  containing 
Eoxoon  CattadenM,  seems  to  parallelize  with  the  igneous  rocks  of  the  Cuprif- 
erous Series,  or  rather  with  the  modified  interbedded  sedimentary  portions  of  it, 
and  hence  the  Eozoon,  instead  of  being  truly  a  Laurentian  organism,  seems  to 
be  one  of  Oie  Cambrian  or  Lower  Silurian.  The  abnndant  graphite  of  tli« 
"  Laurentian  "  which  pointed  the  way  to  the  predidapn  of  organisms  in  that 
formation,  is  also  found  in  the  modified  quartzites  and  shales  of  the  Cupriferous 
Series  in  perhaps  equal  abundance  in  the  State  of  Minnesota. 
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AN  ANCIENT  OUTLET  OF  LAKE  MANITOBA. 


St.  Paul,  Hikk.,  Hay,  23th.  1881 
Profttsor  Winehtll,  MinatMOta  Stale  GeolojfM,  Minneapotia,  Minn. : 

SiR:~The  following  items  relating  to  a  auppoMd  outlet  of  Lake  Manitoba 
mto  the  ABBiniboine  river,  and  other  data,  I  have  gathered  from  old  journals 
(1874)  and  note  books.  The  inibnnatian  is  not  aa  completfi  as  I  would  like,  but 
whatever  you  find  herein  1  can  vouch  for.  All  the  elevations  given  in  this  com- 
munication are  refenvd  to  a  datum  plane  100  feet  below  the  bench  mark  on 
Higgin's  store  on  Main  street,  Winnix>eg.  Manitoba,  and  which  is  thirty-four 
<:j4)  feet  above  the  level  of  Lake  Supenor.  The  lots  mentioned  as  being  on  the 
banks  of  the  Aasiniboine  River  are  thoee  of  the  Canadian  goremment  surveys 
of  half-breed  claims,  as  shown  on  the  maps  of  the  Dominion  land  office  in 
Manitoba. 

In  the  Parish  of  Bale  St.  Paul's  and  a  short  distance  west  of  the  big  bend  in 
the  Aasiniboine  Biver  known  aa  the  Bay.  a  narrow  Btrip  of  wat«r  about  six 
miles  long  and  in  no  place  over  a  mile  wide  forms  what  I  take  to  be  the  end  of  a 
former  outlet  of  Lake  Manitoba.  It  is  known  as  Long  Lake,  and  varies  m  depth 
from  six  inches  to  six  feet.  The  south  end  is  about  a  quarter  of  a  mile  firom  thi^ 
river.  It  runs  northerly  about  two  and  a  half  miles  and  then  turns  abruptly 
and  runs  a  httle  north  of  west  for  about  three  and  a  half  miles.  At  the  west 
end  <^  Long  Lake  a  creek  (Xong  Lake  Creek)  &Us  into  the  lake.  Going  up  the 
creek  we  run  nearly  due  went  for  about  one  and  a  half  miles,  then  the  creek 
takes  a  southerly  bend  for  about  two  miles,  then  westerly  about  four  milea. 
This  is  the  course  of  the  creek  proper:  from  its  head  there  is  a  depression  with 
a  north-westerly  trend  gradually  rising,  having  several  branch  depreaaiona  run- 
niDg  northerly  and  north-easterly,  and  southerly  and  south-westerly.  The  sum- 
mit of  this  main  depression  is  from  two  to  four  feet  lower  than  any  other  point 
of  the  water-shed  between  Lake  ManitotM  and  the  Assimlraine  River,  with  an 
approximate  elevation  of  150  feet  jabove  datum.  The  depression  beyond  the 
summit,  and  having  the  same  tiend,  becomes  more  and  more  defined  as  we  go 
on,  until  it  formn  a  cooley.  or  dry  run,  which  leads  into  &  small  branch  of  the 
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creek  east  of  Poi-tage  creek,  which,  for  the  sake  of  diBtinction,  I  have  called 
Dufferin  creek  and  which  &]ls  into  Lake  Manitoba  with  a  vei;  slight  cnrrent. 
The  banks  of  this  creek  are  low  and  shelving,  having  a,  slope  of  abont  4  to  1. 
From  the  coolej  before  mentioned  there  are  several  branch  oooleys,  gossiblf  con- 
nectinE  with  branchea  of  Portage  creek.  To  eiplwn  why  I  am  led  to  believe 
Long  Lake  to  be  the  remajna  of  an  ancient  water  course,  1  will  give  the  actual 
levels  taken,  referred  to  the  datam  line  mentioned  previously. 

Feet. 

Elevation  of  Lake  Manitoba  and  marsh  surrounding  Houth  end 148,90 

"  bottom  of  DufEbrin  creek  at  a  point  about  one  and  a  half 

miles  sooth  of  township  line 148.38 

"  top  of  bank  of  Dufferin  creek  at  some  point 164.84 

Dutferin  creek  is  here  about  nine  inches  deep. 

"  lowest  point  of  ridge,  (approximately) 150.00 

Elevation  of  Long  Lake 136.8.'i 

"  Land.  16'chainB  from  Long  Lake,  southeasterly 139.44 

2.1  '■  '•  '•  140.04 

"        "  top  of  bank  of  Aisinibonie  river  at  centre  of  lot  142 146.28 

"        "  Asdniboine  river  at  centre  of  lot  142 134.13 

The  immediate  banksof  Long  Lake  Creek  are  from  six  to  ten  feet  high,  slop- 
u>K  IK  to  1.  The  ground  on  the  north  alopee  gradually  upward  to  a  gravel 
ridge  for  the  first  two  miles.  This  ridge  is  probably  six  to  eight  feet  above  the 
immediate  bank  of  the  creek.  The  ground  to  the  south  also  slopes  gently  up- 
ward, commencing  to  slope  however  some  distance  from  the  creek.  The  im- 
mediate banks  of  Long  Lake  are  trom  six  to  ten  feet  high,  sloping  up  gradu- 
ally. At  the  BOnth  end  of  Long  Lake  there  is  a  channel  running  westward  for 
three  miles,  and  then  losing  it«ell  in  the  prairies.  There  is  also  a,  slight  depres- 
sion miming  southeasterly  towards  the  river.  The  only  objection  that  can  be 
raised  regarding  this  being  an  ancient  outlet  of  Lake  Manitoba,  i»  that  the  im- 
mediate banks  of  the  Assiniboine  river  are  alxmt  nine  feet  at>ove  the  present 
level  of  the  water  in  Long  Lake,  but  the  ridges  forming  the  channel  of  the  sup* 
.  posed  old  watercourse  are,  I  am  strongly  inclined  to  believe,  in  no  place  lower 
than  fifteen  feet  above  the  level  of  Long  Lake.  , 

The  following  extracts  may  l>e  fonnd  useful : 

October  1,  1874.  Elevation  of  B.  M.  on  wall  of  second  store  below  the  Davis 
house,  (Higgins'  store)  in  Main  street,  Winnipeg — 100  feet  above  datum  eleva- 
tion of  B.  M.  on  Boutheast.comer  of  plinth  of  Fairbanks'  weighing  machine, 
about  100  yards  south  of  Hudson  Bay  Company's  store  at  Winnipeg  is. .   95.59 

Elevation  of  top  of  bank  of  Red  and  Assiniboine  atjunction 95.36 

"  "  ordinary  summer  level  of  Assiniboine  river 68.40 

"  "  present  level  of  Assiniboine  river 65.79 

Note.— The  laat  two  elevations  were  taken  at  the  junction  of  the  Assiniboine 
river  with  the  Red  river  of  the  north. 

Elevation  of  level  of  river  Assiniboine  at  mouth  of  Colony  creek 65.83 

October  2, 1874.    Elevation  of  river  Assiniboine  at  road-crossing  between 

lot«'71  and  72,  in  parish  of  St.  James 68.18 

Elevation  of  river  Assiniboine  (ordinary  summer  level)  at  same  point  as 

above 68.97 


byGoo'^lc 


390  ANN0AL   REPORT. 

Elevation  of  river  Aseiuiboine  (ordinary  spring  level)  at  sarae  point  as 

above 77.05 

Elevation  of  river  Asainiboine  (ordinary  iipring  Hood)  at  same  point  as 

above 82.61 

The  Buraifter,  spring  and  flood  levels  are  very  rough,  being  pointed  oat  by  a 
pettier  and  may  not  be  relied  on  to  one  foot.  Banks  high  and  abrapt,  com- 
poBed  of  Band  and  clay  in  mechanical  combination.  Near  the  west  end  of  lot 
41  in  the  pariah  of  St.  James,  a  great  nnmber  of  boulderB,  from  two  to  three 
feet  in  diameter  of  a  decided  granite  nature  appear  on  the  north  side  of  the 
river.  Bankn  are  twenty  feet  high,  very  abrupt,  composed  of  clay  and  sand. 
mixed.  An  exposure  of  the  bank  of  the  Assiniboine  river  on  the  sonth  side, 
near  lot  53  in  St.  James*  parish,  ahows  five  feet  of  loam  and  eight  feet  of  sand. 
The  sand  evidently  extends  iar  below  this.  The  stones  in  the  river  aie  prin- 
cipally lime  and  congbmerates,  (with  scattered  basalt  bouldera.) 

October  5th,  1874.  Sturgeon  creek,  near  its  junction  with  the  Assiniboine 
river,  has  no  regular  channel,  the  ground  on  all  sides  being  cut  up  with  sloug^is. 
It  is  evidently  a  serious  torrent,  when  swollen.  Elevation  of  wster  level  of 
Sturgeon  creek,  at  bridge,  about  half  a  mile  ftwn  Assiniboine  river,  90.96  above 
ilatum.  Elevation  of  water  level  of  Assinibrane  river,  at  mouth  of  Sturgeon 
creek  (the  boundary  between  the  parishes  of  St.  James  and  St.  Charles).  £3.34 
above  datum. 

October  8th,  1ST4.  Elevation  of  water  level  of  Assiniboine  river  at  the  cro»>- 
ingof  the  "Winnipeg  meridian,"  in  the  parish  of  Headingly,  94.50. 

October  9th,  1874.  Elevation  of  bank  of  Assiniboine  river,  at  lots  202-206,  in 
parish  of  St  Francis  Xavier,  is  123.55.  Elevation  of  top  of  secondary  bank  is 
1 14.00,  and  elevation  of  water  level  of  river  at  same  point  is  99.01  above  datom. 

October  13th,  1874.  Exposure  of  north  bank  of  Assiniboine  river,  near- 
church  of  St.  Frandfi  Xavier: 
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I>ei'Byed  Iravra  and  m 


itanil  Hiiil  clay,  mt'chanirally  coniblned. 


td  and  nioiild—  niould  predonilnating. 


Sautlaiiil  clay— clay  iimloRiiiiatlDR. 


Lime  and  wpd. 


Suui  and  clay— nind  predonlnalliiK. 
Clay  and  »and— Play  predominating. 


Clay  and  tand— ritual  iiilxtiiiv. 


PuTK  sand — Iwil  of  rl 


Elevation  of  the  top  of  bonk  live  (5)  chaiiiB  l>elow  St.  FnuiciH  Xavier  church 
ial2I.S7.  Elevation  of  water  level  of  river  Assiniboine,  at  lame  pcHnt,  ii 
102.95. 

October  SOt^.  1874.  In  lot  i!30,  in  Parish  of  Baie  Ht.  Paula,  the  top  of  bank 
of  river  Asainiboine  ie  182,67  in  elevation  above  datnm.  Elevation  of  water  in  ■ 
river  at  same  poinb  is  117.15. 

October  24th,  1874.  Elevation  of  water-level  of  LonK  lake,  in  pariah  of 
Baie  St.  Pauls,  136.85.  Elevation  of  land  15  chains  S.  E.  trom  Long  lake, 
189.44.  Elevation  of  land,  25  ehaina  S.  E.  fnim  Long  lake,  140.04.  Elevation 
of  top  of  bank  of  river  Aasiniboine,  at  center  of  lot  142,  in  pariah  of  Baie  St. 
Panls,  146.28.    Elevation  of  water  in  river  Aieiniboine  at  some  point,  134.13. 

August  16tfa,  1875.  The  valley  of  the  Asainiboine  river  at  Fort  EUioe  is  about 
u  mile  and  a  half  wide,  with  very  steep  slopes.  It  seems  to  be  one  big  marah, 
in  which  an;  quantity  of  alders  and  willows  flourish,  and  in  which  the  winding 
river  flows  in  its  course.  'Rie  river  is  nearly  as  broad  and  presents  the  same 
appeanuice  as  it  does  near  Fort  Qury.  Elevation  of  B.  M.  on  northwest  cor- 
ner of  tbi>  Hudson  Bay  Company's  store  at  Port  Ellice,  822.28. 
36 


byGoo'^lc 


tj92  AKKl'AL   REPORT. 

Vallej-  of  tlie  AwtiniboLne  river  at  Fort  Kllk*  i*  220.5  feet  lirvii.  Vallfj  ^^'^ 
Snake  treek.  near  Fort  Ellice.  and  on  an  ea.M  anil  west  line  thereof,  i^'  l-vS.6  ft^ 
deep.  Valley  of  Bird  Tail  creek,  about  twelve  miles  from  Fort  Ellice,  and  on 
nn  i>fl>4  and  wetit  line  tberefroni,  is  \W.^  feel  deep. 

1  have  the  honor  tn  lie,  jonrs  very  truly, 

H,  S.  Trkhernk. 


KiiTK.    Ihilleil  litips  slifttt-  RiijjrnviiiiaMy  11 


byGoo'^lc 


INDEX 

TO  THE 

GEOLOGICAL  REPORT  FOR  1880. 


Actinolite 

Action  of  ice  OD  lake  shores 

Adularia 

Agate  Bay 

Aitken,  character  of  rock  oeai 

Annual  reports 

Ancient  oatletof  Lake  Manitoba 

Apadte 

ArchfBological  apeciiuena  in  Musenni 

Artedan  wells  in  the  Rtd  River  valley 

Baptism  Biver 

Barite 

Baker  and  Kindred's  copper  mine 

Basawood  Lake 

Beaver  Bay 

Belle  Rose  Island 

Belle  Prairie 

Beaver  Creek 

BinA  Lake 

BircJ]  Islandl 

Big  Fork  River 

Big  Stone  Lake 

Birds  of  HinneBoEa,'liet  of 

Birds  of  Minnesota.  the,winter 

BlueEarth  River * 

Black  Point 

Books  in  the  library  of  the  gedt^cal  surrey 

Bomtring  Lake 

Brown's  Valley 

Brachiopoda  from  Trenton  and  Hudson  River  fbrma- 


344-3M 


byGoO'^lc 


Brule  Rivor  . . 


Buriington  Bay 117 

Cannon  Ball  Bay 147 

Cariboo  Point 139 

Cariboo  Lake 169 

Ca«cade  River 140 

Caw  Lake 282-392 

Cae&e  Danger 120 

Chaloopyrite 110 

Chester  Creek 106 

Chemigtry,  report  by  I*rof,  Dodge 447 

Chippewa  Biver 332 

Chlorite 102 

ChoneUt  308 

Clarke's  Bay 158 

Clearwater  Lake 168 

ColliaR,  Capt.  Edwin,  on  the  St.  Vincent  salt  weU. . ,  2S7 

Copper 142-118 

Copper  series,  lifers  of 134 

Cotcau  des  Prairies 404 

Cottonwood  Biver 334 

Cow's  Tongue  Point 144 

Courses  of  glacial  stria  in  Minnesota 383 

Crow  Wing  River 310 

Cross  River 133 

Crow  Wing 103 

CiTBtaJBaj lis 

CuprifbrouB  series  in  Minnesota 475 

Daniel's  Lake 168 

Dead  Lake 368 

Deieasibe 109 

Devil's  Track  River. 144 

Deronda  Bay 150 

Diallage 146 

Diamond  Lake 356 

Distribotdon  of  forest  in  upper  Mississippi  region. . . .  294 

Divide  between  L.  Superior  and  L.  of  the  Woods 170 

Divides  in  the  upper  Hississippi  region 306 

Dodge,  Prof.  James  A.,  report  on  chemistry 357 

Douglas  County,  lakes  of 358 

Douglas  County,  natural  drainage  of 358 

Douglas  County,  topography  of 359 

Double  Bay 147 

Dolutb,  rocVa  at 101 

Eagle  Lake 355 

East  Savanna  River 312 

East  Battle  Lake 367 

Eclipse  Beach I39 


byGoO'^lc 


ElerationB 

Ely  hland 

BmboTTass  RiTer 

Encampment  iBlaad 

English  Portage 

Exploratioa  of  the  terminal  moraine  in  Iowa 

Fanny  l^ke 

Pih  Hook  Point 

Floorite 

Potest  Trees  in  the  apper  Misnwppi  Region 

French  River  Copper  Mine 

Gueoos  robatoncea  in  well-water 

QairiaOD,  0.  E.  report  on  the  npperHtBsisaippi  region 

Qlacial  Drift  and  its  terminal  moraines 

Good  Harbor  Bay 

Gooaeberry  River 

Gtand  Portage  Bay 

Granite 

Graphite 

Great  Paliiadei 

Gnnflint  Lake 

Hatdi,  Dr.  P.  L.,  report  of. 

Hat  Point 

Hawk  Greek 

Herba  in  the  upper  MiBBiauppi  re^on 

Henlandite 

Honeihoe  Bay 

Hydrology  of  Hinneeota,  report  on 

lUwa  Lidce 

Eandiyobi  Connty,  Lakes  of 

Eawaaacbong  I«ke 

Kinichigaqoag  Falls 

Knife  River 

Knife  Lake 

Labradorite P.. 

Ido-qoi-parle  Lake 

Lac  Travels 

Lake  Itasca 

Lake  Winnebigoshish 

Lakes  of  Minnesota,  UieirnnmberanddiBbribation  .. 

lAke  Ripley 

Lake  Lizzie 

I^e  Uinnabelle 

l4Uie  Reno 

Lake  Hiltona 

Lake  Ida 

Lake  Cowdrey 

Lake  Latoka 

Lake  DarlinK 


byGoO'^lc 


Lake  t'  Homme  Dieu 

Lake  Carlos 

Lake  OaaMB 

Lake  Oscar 

Lake  SeweU 

Latitude  and  Lonffitiide  in  Hinnotiota 

Lonmontite 

Leech  Lake 

Lester  River 

Leptana 

Leptagynia 

Leech  Lake  River 

List  of  Rooka,  preliminary 

List  of  t^e  birds  of  Minueaota 

little  Falls 

LitUe  Elk  River 

Library  of  Geological  and  Natural  History  Surrey  . . 

Long  Lake 

Lover's  Bay 

Lucille  Island 

Lumbering  Resaaices  of  the  upper  Mississippi  region 

Magnetite 

Hanitou  River 

Mayhew's  copper  mine  location 

Maple  Leaf  Lake 

Medial  moraine  from  Coteaus  des  Prairies  to  Turtle 
Mountain 

Meeker  County,  lakes  of. 

Mesabi,  height  of  land 

Mesabi  iron  location 

Minnetonka  Lake 

Minnesota  River 

Minnesota  company's  gold  miue  location 

MiBUBsippi  River,  discharge  of 

Miscellaneous  publications.  .• 

Modified  drift  and  loess 

Moraine,  the  terminal  in  Steele,  Waseca  and  Free- 
bom  Counties 

Moose  hsltB 

Mount  Josephine 

Morrison's  B^ 

Mouotaia  I^ke 

Mod  Lake 

Mud  River 

Museum,  spedmens  registered  in  1880 

Nobles'  mining  location 

North  Fowl  Lake 

Norway  Lake 

Number  of  lakes  in  Minneftota 


byGoo'^lc 


Oak  Portafl:e 

Ohnstead's  Bar 

Orthia  Whitfieldi 

Oalhis  Sweeneyi 

Org:aiiJc  impuritieB  in  well-water 

Oii^n  of  the  lakes 

OmitlioloOT,  repwt  of  Dr.  Hatch 

Otter-Track  Lake 

Otter.Tail  River 

Otter-Tail  Ijike 

Palisades 

PalEBOntologf 

Panuqigsnnug  Lake 

Parkersrille 

Partridge  Portage 

Passabika  RJTer 

Pdican  lAke 

Perroanencf  of  lakes 

Phenomena  of  freezing 

Pigeon  River 

Pigeon  Point  Peninanla 

PikeRiver 

Pine  I^ke 

Pine  lUver 

Pipestone  R^de 

Pipestone  River 

Plagioclaae 

Pokegama  Palls 

Pommede  Tens  River 

Pork  Bay 

Piehnite 

Prairie  River 

Publications  of  the  Nat.  Hia,  Surve; 

Pyroxene  

Pjrile 

Rainfall,  jLt  Minneapolis 

RBinfall,  annual  in  Minnesota 

Bat  Lftke 

KedRookB^ 

Red  River  of  the  North 

Redwood  River 

Recession  of  the  Ice  Sheet 

Rice  River 

Rose  Lake 

Roberts,  Thoe.  3.,  Uet  of  Winter  BirdH.. 

Saganaga  Lake 

Salt  Well,  St.  Vincent 

Sandy  Lake 

Sandy  Lakp  River 


D.gitizecbyG00glc 


Savannah  SiTer . . 


Sectionalong  the  ValtejoftheQu'  Appelle  River. .. 

ShnibE  in  the  upper  Histnasippi  regicm 

Sickle  Baj 

Simond'B  Ciold  Location 

Silver  Creek 

Solids  in  Holutdon  in  well  water 

SootfaLake 

Sooth  Fowl  Portage 

Split  Rock  River 

SpecimenB  reeiata«d  in  the  muaeom  in  IljSO: 

Geological  and  Minemlogicol 

Zoological 

Atchiealogical 

Stilbite 

Streams  of  the  upper  Miesisrippi  r^ion 

Strophomena 

Strop)tome>ta  MinnesoUntit 

St.  Louis  River 

Sucker  Bay 

Sugar  Loaf'  Point 

Sucker  Lake 

Summai?  Statement 

Susie  Island 

Syenite 

Sqnagemaw,Lake 

Temperance  River 

Terrace  Point 

Teny,  C.  M.,  report  on  Hydrology 

Tennina]  Moraines 

Terminal  Moraine  from  Cot«au  des  Prairies  to  Cotean 

du  MiMOUri ," 

Tests  of  the  qualities  of  water 

Thahte 

The  Missigsippi  River  system 

The  Glacial  Driil 

The  Coteau  du  Missouri 

The  Blue  Hills  and  the  Hesabi  Range 

Tfaomsonite 

Tischer's  Creek 

Trees  of  Kandiyohi  Count; 

Trees  at  the  White  Earth  A(ten(7 

Topography  of  the  upper  Mississippi  region 

Twin  Lily  Lakes 

Two  Harbor  B^ 

Two  Islands 

Upham,  Mr.  Warren,  report  of  progress 

Upper  Mimissippi  Region 


byGoo'^lc 


Value  and  Utilit;  <£  Laket 

Vermilion,  Lake 

Wauiwangoning'  Bay 

Washiiigton  lAke 

Water  Supply  of  the  Bed  River  Valley. . 

West^BattleLake 

Whetstone  River 

White  Roee  Vein  erf  Silver 

Wild  Rice  River 

Wild  Swanpliver 

Willow  River 

Winter'Birda,  lidt  of 

WinnebegoaiH  Uke 

Winston 

Wright  County,  I^kea  of. 

Yellow  Earth  River 

Yellow  Hedidne  River 

Zeolites 

Zoological  Spedmena  in  tbe  Mvuenm. . . 


byGoO'^lc 


EKKATA  FOR  THE  GEOLOGICAL  REPORT  FOB  1880. 


3D  to  the  pafiiDg 

PH^re  11.  At  the  Bad  of  the  eleventh  line  add,  vide  Mo.  i£. 

13.  Fourteenth  line — for  nearlg,  read  mainly. 

17.  Fourteenth  line — for  heavif-darh,  green,  read  heavy,  dark-greca. 

21.  Twenty-firet  line — for  their,  read  thin. 

21.  The  third  line  shonld  be  the  first  hoe. 

41.  Thirty- BCcond  line — for  and  iyneotts,  read  igneous  and. 

42.  Thirteenth  line — for  easily,  read  evenly. 

43.  Thirty-fifth  line— for  drift,  read  dip. 

46.  Twentieth  line— at  the  end  of  the  line  add,  ( V). 

48.  Next  to  the  laat  line — alter  "up"  insert,  almost  entirely. 

49.  Twentj-tirst  line — for  Branch,  read  Beach. 

.54.  Lines  thirty-four  and  tlirity-sii — for  814  and  315,  read  214  and  215. 

55.  Tenth  line — dele  paragraph  and  read,  No.  214  is  of  similar  rock.  etr. 

56.  Twelfth  line— for  north,  read  mouth. 
60.  Elighteenth  line — for  there,  read  these. 
63.  Fourteenth  line— for  16J,  read  261. 
72.  Firetline— forCifo.5>,  reftd(N.&S.} 
78.  NeittolaBtline— for"ii"read^Ji. 

80.  Thirteenth  line— after  "Duncan's  lake,'"  insert  is. 

82.  Last  line— foK9«  read  727. 

105.  Twentysixth  line— for  Vermilion  Lake  read  Lake  Superior. 

122.  Next  the  lust  line— for  —3522  (199)  read  3522  (—199). 

170.  Ihirtietli  line — for  organic  of  the,  read  of  the  organic. 

224.  Fourth  line — for  ii  read  are. 

224.  Thirteenth  line — after  raised  insert  it. 

234,  Twenty-first  line — far  from  read  Join. 

28^.  The^rst  fojit  hW  shoultf  be  wserted  bcfoif:  the  1^  line  j)il'pBgc2^. 

3R1.  'Hro  foo^K>te^^ouldr«3ccha)i6e  pjifces. 

390.  ^e  last  two  lines  should  appear  as  a  heading,  to  explain  the  dia- 
gram on  the  next  page. 
Several  minor  errors  will  easily  be  corrected  by  the  reader. 
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FiK-  1 .    Old  Fortification  or  Cuiiip,  Town  135  N.,  Range,  ■»  W.,  aboot  Bee.  '27. 
Siiitegtd  in  186$,  by  0.  E.  Garritoti. 

FifF.  2.    Diagtam  of  Pokegoraa  Fall«,  in  plan  (A.)  vaA  sactiwi  (B.)    Hie  sum' 

ben  in  "B"  vefer  to  lamples  of  rock  transmitted  with  tfae  report. 

0.  E.  GatTium,  18m. 
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KiK.  1.    Prairie  Kjver  FalJi*.    Town  16  N..  Kange  25  W..  4Ui  Mer. 

Ftfif.  2,  Settion  below  the  uiouth  of  the  Prairie  River  on  the  bluHs  of  the  Miii- 
xiiigippj.  1.  Sandy  loan).  2.  Pebblex.and  xmall  boulders.  3.  Light 
colored  tine  sand.  4.  Yellowiiih  sand  banded  with  reddish  layers  and 
river  mud,  and  having  sprinfrs  of  wat'T.  ■'i  and  6.  Red  and  blue  clays. 
7.    Boulder  day. 

Fill-  'i.  Bed  of  iilratitied  dav  ahown  in  H«L-tJon  of  the  bluff  of  die  Mississippi 
below  the  mouth  of  Sandy  River,  (a.)  unstratified  clay;  (b.)  stratifird 
and  jointed  day;  (c.)  like  Fid- 2.;  1  and  2,  surface  of  water  in  river. 
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PLATE  III. 

8ectioii>i  auroBS  tbe  MiBsunippt  and  Uinneeottt  valleys : 

No.  I.    Trougverae  sectiAu  of  the  Mmnemriia  vaJley  at  Bi(  Stone  lake. 

No.  2.    Traosverse  neotion  of  the  Minneaota  near  Munkato. 

No.  S.    Tnuiaverae  aection  of  the  Minneeot*  at  Fort  Snellingr. 

No.  4.    Tranaverae  aectioD  of  the  Hissisaippi  valley  below  Fort  SnelUnt;. 
Humben  in  the  vertical  scale  ahowhei^htti  above  the  aea. — [Frotn  Wan-en'. 
Rtpoi-I  OH  BHdginq  thf  SKiniagippl.  / 
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PLATE  IV. 

Sivtionn  auirwD  tho  tiiHsixHip^ii  mid  .MuuxMotu  valleys: 

No.  1.    Transverstt  Hcction  ot'the  Mississippi  valley  abov«  Fort  SnellinK. 

No.  2.    Tnuuvei':^;  section  of  the  MiitsiRrtippi  valley  iit  Hastingn. 

No.  'i.    I'l'snsverse  nection  if  the  MiiisiBRippi  valley  at  Lake  Pepin. 
Naiiiben  in  the  verticaJ  scale  nhow  heightK  abovp  Uie  sfla. — I FromWarrfn'- 
Repoi-l  on  Bridgiiiq  the  Mi'sl'nippi.  / 
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PLATE  V. 
The  npper  MiBMSaippi  Kgion  reduced  from  a  map  by  0.  B.  tiai 


a.  Ldne  north  and  ea«t  of  which  the  charact«rii'tic  tree  »  the  whit«  pini?. — 
P.  Sirebus. 

b.  Line  includinff  a  refrion  in  which  the  characteristtc  tree  U  the  wb)t« 
pme. — P.  Slrobva. 

('.    Line  including  »  region  in  which  the  characteristic  tree  is  the  black 

pine. — P.  Santaiantt. 
d.    Line  earrounding  a  tract  in  which  the  characteriirtic  tree  is  the  white 

ftedar. — Thuja  orfidnrtfalia. 
II.    Granite  outcrops, 
s    Sandstone  outcrops. 
The  uRual  symbol  representfl  hills  itnd  bhitFa. 
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PLATE  VI. 


ViK-  I.  Explaiintion.  Tenuiaal  hdiI  MediiU  Moraines  arv  indicated  by  ikitl'^l 
belts;  parallel  oblique  lineM  mark  tlie  Driftless  Aira;  and  dott«sl  liiii-s 
and  arrows  show  the  direition  of  'jl««ial  currents. 

Vifi.  2.  Mapot'thi-  rettion  oI'LhIh^  Benton,  yiiaokatan  and  Ut-ndritk^.  Aj-- 
platiatioii .  Temiiniil  Maraine  and  (ikcial  Curcentx  ai«  indicated  h^^  in 
Fiyiirel.  The  ridye  of  the  moruine  is  intersected  by  remarkable  ohnii- 
nels  which  extend  win th westward  from  these  Xakef. 

Fifr.  3.  Section  across  the  Cnteaii  de«  Prairifw  in  Yellow  Meflieine  cuinT>. 
Minne'Hifn,  and  Deiiei  and  Codinfirton  counties,  Dakota. 
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